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[LLIAM HARVEY began his “De as the flux and reflux of Euripus was to 

Motu Cordis” (1628) follows:  Aristotle.’’” 
“When I first tried animal experimentation Similar difficulties have plagued genera- 
for the purpose of discovering the motions tions of clinical fluoroscopists yet fluoro- 
and functions of the heart by actual inspec- scopic observation remains the simplest 
tion and not by other people’s books, I and most practical roentgenologic method 
found it so truly dificult that I almost be- of obtaining functional information about 
lieved with lracastorius, that the motion the heart. Various more elaborate tech- 
of the heart was to be understood by God _ niques have been developed to obtain more 
alone. [ could not really tell when systole precise and more detailed information 
or diastole took place, or when and where about this most important, complex and 
dilatation or constriction occurred, be- dynamic organ. Kymography, angiocardi- 
cause of the quickness of the movement. ography and roentgen cinematography are 
In many animals this takes place in the perhaps the outstanding special methods 
twinkling of an eye, like a flash of light- for such cardiac study. The accelerating 
ning. Systole seemed at one time here, di- progress of cardiac surgery provides a con- 
astole there, then all reversed, varied and stant impetus for extending and improving 
confused. So | could reach no decision, these techniques. 
neither about what I might conclude my- This presentation is a brief review of ex- 
self nor believe from others. I did not mar- amples illustrating the application of these 
vel that Andreas Laurentius wrote that techniques in our institution where, over 
the motion of the heart was as perplexing recent years, a stimulating and productive 


* From the Departments of Radiology, Phvstology, Medicine and Medical Physics of Temple University School of Medicine and 
Hospital. These studies were s Ipported in part by grants from the United States Public Health Service (No. H 2234) and from the 
Heart Association of Southeastern Pennsylvania 

Presented at the Fifty-seventh Annual Meeting of the American Roentgen Ray Society, Los Angeles, California. September 25-28, 
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collaboration in this field has developed 
between the Departments of Radiology, 
Physiology, Medicine and Medical Phys- 
Ics. 


I. ELECTROKYMOGRAPHY 


Multiple slit roentgen kymography has 
been widely used for analyzing cardiac 
border motion but has many well recog- 
nized limitations. To overcome some of 
these difficulties the electrokymograph and 
its initial laboratory and clinical applica- 
tion were developed in our institution by 
Henny, Boone and Chamberlain, as a 
cooperative effort with the United States 
Public Health: Service." 

It is of historic interest in this connec- 
tion that in 1925 Chamberlain made mo- 
tion pictures of the cardiac silhouette with 
Ruggles’ roentgen cinematograph which 
produced 15 8X10 inch direct roentgeno- 
grams per second; the roll of film was used 
up in 30 exposures (2 seconds). By meas- 
urements from the resulting films, kymo- 
graphic curves of the movements of various 
points along the cardiac silhouette were 
plotted showing their behavior in various 
phases of the cardiac cycle.’ 

When the photomultiplier tubes became 
available, they provided the means for de- 
tecting changes in roentgen-ray transmis- 
sion due to changes in heart thickness or to 
movement of its border. The g31-A tube 
became the “‘pick-up” of the electrokymo- 
graph and the fluoroscope was used to 
localize it over the desired part of the heart. 
The device is capable of producing very ac- 
curate records and these are readily cor- 
related precisely with records of other cir- 
culatory phenomena such as the electro- 
cardiogram, the carotid pulse and intra- 
cardiac pressure. Proper interpretation of 
the records requires much experience and 
the bugaboos of positional change of the 
heart as a whole and of overlapping of vari- 
ous pulsating structures have not been 
eliminated by this more elegant method of 
kymography. Further, much of the cardiac 
mechanism occurs internally with rela- 
tively little reflection in surface activity. 
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Evidence of asynchronism of ejection 
from the ventricles in man was recorded by 
this method.’ Analysis of electrokymo- 
grams of the pulmonary artery and the 
ascending aorta demonstrated that asyn- 
chronous ventricular ejection was more fre- 
quent than synchronous ejection in the nor- 
mal subjects studied. Increased degrees of 
asynchronism were found in patients with 
bundle branch block. 

[In extensive studies in the laboratory, 
good correlation was found between the 
change in heart thickness in dogs (density 
change recorded by the electrokymograph) 
and the cardiac output determined by the 
Fick and Stewart 

More recently, unpublished electroky- 
mographic studies based on left ventricular 
density curves have shown a reduction in 
the early ventricular ejection rate in pa- 
tients with hypertensive cardiovascular dis- 
ease as compared with normal subjects.” 

In the normotensive group over fifty 
vears of age, 33 per cent showed ejection 
velocities which slowed early in systole 
(after 0.04 seconds), while 78 per cent of 
the hypertensives showed early slowing. 
In one patient with coronary artery dis- 
ease, slowing of early ejection was recorded 
during an attack of angina with a return 
toward normal after administration of 
nitroglycerine. This patient ultimately died 
of myocardial infarction. Another patient 
in the control normotensive group, with- 
out cardiac symptoms at the time of study, 
showed ejection slowing and has since died 
of myocardial infarction also. One other 
normotensive with early ejection slowing 
has since developed angina and myocardial 
infarction but has survived. The early 
ventricular ejection rate as estimated from 
electrokymographic density curves may 
thus provide an important clue to the func- 
tional status of the myocardium. 

In studies of the left atrial border electro- 
kymogram, we were unable to confirm the 
observations of others that the electroky- 
mogram of the left atrium in mitral re- 
gurgitation is pathognomonic and signifi- 
cantly different from the records in subjects 
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with physiologic mitral systolic murmurs.” 

The considerable bibliography on electro- 
kymography is collected in the proceedings 
of the conference held at the National 
Heart Institute in 1950.4 The recent mono- 
graphs by the Swedish roentgenologists, 
Andersson,? Nordenstr6m!'* and 
attest to the continuing interest in this tool 
for clinical and laboratory cardiovascular 
investigation, 


II. STUDIES OF INTRACARDIAC FLOW 
WITH BIPLANE ANGIOCARDIOGRAPHY 
The usual clinical tests of circulation 
time measure streamline flow making use of 
extracardiac receptors. They include extra- 
cardiac ow and do not distinguish varia- 
tions in flow in individual chambers. De- 
tailed angiocardiographic studies of circula- 
tion time within the heart have been car- 
ried out in our institution® using the bi- 
plane stereoscopic apparatus devised by 
Chamberlain.* Exposures in two planes 
simultaneously have proved of value in this 
work in the identification of chambers and 
the timing of the appearance of contrast 
material. 


The biplane stereoscopic apparatus 1n- 
corporates mechanical features which pro- 
vide considerable flexibility, making it use- 
ful for both cerebral angiography and angio- 
cardiography. The stereoscopic feature has 
been of value chiefly in the study of cerebral 
angiograms but is also of aid in the orienta- 
tion of intrathoracic structures which ex- 
hibit relatively little motion such as the 
pulmonary veins (differentiation from left 
atrium). Simultaneous exposures are made 
in each plane at intervals of o. 
with exposure times from I 10 to 1, 20 sec- 
ond. This exposure time is too long to ade- 
quately ‘“‘stop” the more rapidly occurring 
cardiac motions so that blurring of contrast 
margins 1s frequently encountered. 

In the studies of low tn adults, the dura- 
tion and intensity of opacification of each 
chamber was determined in each plane of 
projection. The anteroposterior and lateral 
projections were routinely employed in this 


seconds 


study. The roentgen exposures were cor- 
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related with the carotid pulse by graphic 
recording with a two channel Brush re- 
corder. Exposures were made for a mini- 
mum of 20 seconds after the injection of 50 
cc. of 70 per cent urokon. The results were 
plotted as density against time in a fashion 
similar to the method used by Lind, Spencer 
and Wegelius.'? The volume of the left 
atrium was estimated from its dimensions 
in the two projections during contrast fill- 
ing. 

The normal intracardiac circulation time, 
from initial visualization of the left atrium 
to that of the aorta, did not exceed 6.3 sec- 
onds. The normal right heart time is less 
than the intracardiac time, while the pul- 
monary artery and left atrial times approxi- 
mate the right heart time. Opacification of 
the pulmonary artery disappears before the 
aorta is visualized, as noted by Figley.!° 

The intracardiac circulation time may be 
prolonged in heart disease but was found 
not to exceed g.1 seconds in the absence of 
clinical heart failure, atrial fibrillation, or 
marked cardiomegaly. 

Using this technique, 22 patients with 
mitral stenosis and 31 patients with mitral 
stenosis who had had mitral valvulotomy 
performed were studied. In mitral stenosis 
a disproportionate prolongation of the pul- 
monary artery time and the left atrial time 
was found. The left atrial time exceeded the 
pulmonary artery time and the latter, in 
the absence of right heart failure, exceeded 
the right heart time. In mitral stenosis the 
left atrial volume was estimated as 2 to 12 
times normal. However, no correlation 
could be found between the left atrial vol- 
ume or the left atrial time and the surgi- 
cally reported size of the mitral orifice, the 
age of the patient, or the known duration of 
the rheumatic state. 

These angiographic findings in mitral 
stenosis are of importance in reference to 
the pathophysiology of this lesion since 
they fail to support the present dominant 
concept that left atrial changes are pro- 
portional to the degree of narrowing of the 
mitral orifice and to the duration of the ob- 
struction. Similarly, there was no correla- 
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tion between left atrial time or volume and 
right ventricular time, suggesting that the 
left atrial changes are not the immediate 
cause of right ventricular alteration. All of 
these findings appear to emphasize the im- 
portance of the extent of myocardial dis- 
ease in the dynamics of mitral stenosis. 
The angiographic pattern found in mitral 
valvular disease cannot be considered diag- 
nostic since 1t may be found in stenosis, re- 
gurgitation or both or even in the presence 
of nonvalvular heart disease. 
Simultaneous biplane angiography ap- 
peared to be essential in the evaluation of 
the contrast-filled left ventricle. Significant 
and unpredictable differences were noted in 
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tensifier phosphors was investigated in 
connection with our interest in the use of 
these intensifiers in cinefluorography be- 
cause it seemed obvious that such per- 
sistence must have a bearing on the prob- 
lem of securing sh: arply detailed exposures 
of short duration in rapid sequence to ef. 
fectively “stop” very rapid motion. The 
persistence of light from the phosphors is 
obvious to the observer when the image 
intensifiers are used fluoroscopically and 
the roentgen beam is cut off. 

Studies of the persistence of light from 
the output phosphors were made by Dr. 
George C. Henny. The image intensifier 
tubes under consideration were lined up 


rIME LAG IN THE LIGHT FROM THE INTENSIFIER OUTPUT PHOSPHOR 
bn Time for intensity to decrease to fraction of original intensity 
Intensifier 
Tube 
3/4 1/2 1/4 1/8 1/16 
Westinghouse .g msec. 1.6 msec. 2.5 msec 7.5 msec. 18.2 msec. 
Philips Py, 2.6 7.6 24 82 


the visibility of the contrast in this cham- 
ber in one projection as compared with that 
in the other projection, simultaneously ex- 
posed. Such variations are apparently due 
to the position of the heart, enlargement 
of the ventricle, and the position and obliq- 
uity of the septum. There are marked sys- 
tolic-diastolic variations in left ventricular 
opacification while left atrial opacification 
appears practically constant throughout 
the cardiac In mitral stenosis the 
left atrium undergoes relatively little cyclic 
change in size or degree of opacification, 
whereas the left ventricle almost 
pletely empties itself of contrast material 
in systole unless failure is present. Thus, 
films in very rapid sequence or a record cor- 
relating the roentgen exposures and cardiac 
mandatory. 


cycle. 


com- 


events are 
III. IMAGE INTENSIFIER CINEFLUORO- 

GRAPHIC ANGIOCARDIOGRAPHY 

Persistence 


(a) Light from Intensifier 


Output Phosphors. The persistence or lag 
of the commercially available image 1n- 


with a constant potential roentgen beam. 
Between the roentgen tube focal spot and 
the intensifier tube was a_ spring-loaded 
lead shutter in front of a rectangular aper- 
ture in a sheet of lead. When the lead shut- 
ter was allowed to intercept the roentgen 
beam, the were quickly 
stopped in a way that depended upon the 
speed of the shutter and the size of the 
aperture. This rate of cut-off was deter 
mined by first employing the same physi- 
cal arrangement with a light beam acting 
directly on a photomultiplier, the output 
of which was, in turn, recorded through an 
oscilloscope and camera with a known time 
axis. The geometry of the light beam and 
the photomultiplier duplicated the geom- 
etry of the roentgen beam and the front 
screen of the intensifier tubes. The same 
photomultiplier picked up the light output 
from the intensifier tubes and recorded it 


roentgen ravs 


The difference between 
the two time versus light output curves was 


in the same way. 


therefore due to the light peristence from 
the output phosphor of the intensifier 


Fic. 1. (4) Oscilloscopic trace showing the actual 
movement of the lead shutter across the aperture 
defining the roentgen-ray beam. The height of the 
curve 1s in arbitrary units of brightness of light 
passing through the aperture. The vertical lines 
represent the time base and the spaces between the 
indicate 1 intervals. (B) 


Oscilloscopic trace of the light output of the image 


squares millisecond 


intensifier which was activated by roentgen rays 
passing through the same 
by the same shutter as was used in 4. The differ 
ence between the two at any moment, therefore, 
Is an indication of persistence of light emission by 
the intensifier output phosphor. 


tube (Fig. 1). The persistence in light out- 
put is recorded below in terms of the time 
required in milliseconds for the original or 
maximum intensity to decrease to three- 
quarters, one-half, etc., of this brightness. 

The subsequent studies of motion blur- 
ring indicate that the initial drop in light 
intensity is so rapid that the prolonged per- 
sistence at low light levels becomes of little 
practical photographic importance. 

b) Rapid Motion Blurring and Exposure 


Cardiac Physiology Revealed by the Roentgen Ray 


aperture and cut oft 


Time. Dotter and Rogers® and Kjellberg, 
et al.’ have emphasized the need for short 
exposure duration to “stop” rapidly occur- 
ring intracardiac motions. Wegelius and 
Lind?’ have documented the need for rapid 
sequence exposures to obtain a full record 
of the events of the cardiac cycle particu- 
larly at rapid heart rates in infants. The 
most rapidly occurring events in the cardiac 
cycle occur at the peak of systolic ejection 
and in animals the velocity of the aortic 
blood has been estimated to range from go 
to 160 cm. per second at this time with the 
mean velocity in the aorta and other large 
arteries approximately 20 cm. per second.° 
“Streaming” of opaque contrast material 


Fic. 2. Rotating test object for demonstrating mo- 
tion blurring in image intensifier cinefluorography. 


thus occurs at such rates briefly, and valve 
structures certainly reflect these rates. 

In order to study the use of the image 
intensifier in “stopping” rapidly occurring 
motions, a rotating test lucite disk was ar- 
ranged (Fig. 2). The lucite disk, 14.6 cm. 
in diameter, has a square section lead strip 
2mm. by 2 mm. imbedded on the diameter. 
The disk 1s pivoted at its center and Is ro- 
tated by an induction motor. The lead 
strip rotating about the axis, when placed 
in a roentgen beam, casts a moving shadow 
which falls on the input end of the image 1n- 
tensifier. The speed of rotation of the disk 
was arranged so that the velocities encom- 
passed between the ends of the lead strips 
include the faster velocities expected in 
studving intracardiac events, 24 to 12c 
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Fic. 3. (4, B, C and D) Movie frames of motion blurring tests (see text). 


cm./sec. Before the experiment, the exact 
speed of rotation of the disk is determined 
with a stroblite. Pictures of the disk taken 
through the intensifier may show motion 
blurring at the outer end of the lead strip 
and much less or no observable blurring at 
the inner end. From the speed of rotation 
of the disk and the point along the lead 
strip which does not show objectionable 
blurring, the maximum velocity without 
objectionable blurring may be found for 
any given exposure duration. 

Figure 34 shows the result of tests made 
under various circumstances with this test 
disk. With a standard Bell and Howell 16 
mm. camera, exposures were made of the 
test disk in daylight at 64 frames per sec- 
ond (duration of the exposure per frame is 
approximately 1 /120sec.), and these showed 
marked blurring increasing toward the pe- 
riphery of the disk. Blurring of similar mag- 
nitude was recorded when exposures were 
made through the image intensifier (Phil- 
ips) at 64 frames per second (Fig. 38). With 


full-wave rectification the cable capacitance 
has provided sufficient “‘smoothing”’ effect 
at currents up to 10 ma. so that objection- 
able flicker has not resulted. 

Exposures were made of the same test ob- 


ject with the same image intensifier and 


optical setup with exposures of 1 millisec- 
ond duration using a high tension switch 
tube (Machlett Dynapulse.)* For this test 
the camera was run at 8 frames per second 
and the illustration shows a sample se- 
quence in which the Dynapulse exposures 
happened to be synchronized with the 
movie frames (Fig. 3C). It will be seen that 
there is no appreciable blurring of the test 
lead strips even at the periphery of the disk. 

Similar exposures were made of the test 
disk employing a Kodak high speed _ in- 
dustrial camera operating at approximatel) 
soo frames per second. For this test a con- 
Stant potential roentgen-ray generator was 


* Through the courtesy of Dr. Barton R. Young, Germantown 


Hospital, and Franklin X-ray Company, Philadelphia, Pennsy 


vania. 
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employed operating at 80 kv. and 8 ma. In 
spite of the fact that the phosphor was con- 
tinuously illuminated in this experiment, 
the resulting movie frames show insignifi- 
cant motion blurring along the entire 
length of the test strips (Fig. 3D). The 
exposure duration per frame in this experi- 
ment with the high speed camera is of the 
order of 0.4 millisecond. 

A direct roentgenogram of the test ob- 
ject made with a single pulse (60 cycle cur- 
rent) showed appreciable blurring at the 
periphery. 

Exposure durations of movie film of the 
order of 2 milliseconds per frame can be ob- 
tained with cameras having independently 
variable shutter apertures. For instance, 
with certain cameras the shutter aperture 
can be reduced to one-quarter, and at 64 
frames per second this would result in an 
exposure duration of approximately 1/480th 
of a second. Films exposed at the } shutter 
setting showed blurring of the test object 
reduced to an acceptable level. 

These studies suggest that in clinical 
work with motion pictures roentgen ex- 
posures of 2 milliseconds (1,500 second) 
or less synchronized with the motion pic- 
ture frames are desirable for studying intra- 
cardiac events 1n the greatest detail and to 
minimize the roentgen-ray exposure to the 
patient. This might be achieved by the use 
of a high tension switch tube. Diminishing 
the shutter aperture of the motion picture 
camera, using constant potential roentgen 
ray, 1s a simpler alternative but will be 
limited clinically to studies of very short 
duration and will find principal application 
in the laboratory. 

The attempt to secure sharp detail of the 
rapidly occurring intracardiac events on 
each individual frame is important because 
of our desire to study and have available 
for reproduction the static 
graphic image. However, it should be em- 
phasized that much information can be ob- 
tained about moving structures when they 
are viewed in motion pictures and espe- 
cially in slow motion even though the indi- 
vidual movie frame shows an extremely un- 


roentgeno- 
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sharp image from which little or no infor- 
mation can be extracted. This has been well 
illustrated by our studies with visualization 
of intracardiac structures with carbon di- 
oxide gas where the moving valve leaflets 
have been well visualized in the projected 
motion picture despite grain and motion 
blurring which impair the quality of the 
static Image. 

(c) Experimental Use of Carbon Dioxide 
as Intracardiac Contrast Material. In the 
course of studies of air embolism in dogs, 
conventional biplane roentgenographic 
studies showed the possibilities of the use 
of gas as an intracardiac contrast material.’ 
Jacobi, Janker and Schmitz," and Ejrup, 
Lind and Wegelius* have also reported 
roentgen studies of the heart with gas con- 
trast. Subsequently the safety of intrave- 
nously injected carbon dioxide even in large 
doses in dogs was shown and many cine- 
roentgenographic observations at 64 frames 
per second, employing the image intensifier, 
were made.”’ Two infants tolerated large 
doses without mishap. 

Since the presentation of reports on these 
studies, carbon dioxide injections have been 
made intravenously in 10 adults. These pa- 
tients received 25 to 100 cc. of carbon di- 
oxide with no subjective discomfort. In 2 
of these receiving 50 and 60 cc., respec- 
tively, simultaneous right ventricular pres- 
sure determinations (via heart catheter) 
and the electrocardiogram showed no sig- 
nificant alterations. These patients were 
examined supine, and in films made with 
the biplane angiographic apparatus the out- 
How tract of the right ventricle, the trunk 
of the pulmonary artery, and the valve 
level were demonstrated well by the gas 
contrast. 

Similar ‘‘selective” angiography of the 
outflow tract of the right ventricle and the 
trunk of the pulmonary artery has fre- 
quently been carried out in dogs, employ- 
ing I to 2 cc. of carbon dioxide intrave- 
nously per kilogram with rapid injection. 
One of the most striking things about the 
resulting motion picture studies made in 
the lateral projection with the animals 
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supine is the regurgitation of gas in ven- 
tricular diastole from the pulmonary artery 
back into the outflow tract of the right 
ventricle. The bolus of gas thus oscillates 
back and forth with small increments being 
forced on each expulsion into the peripheral 
pulmonary circulation until the gas 1s dis- 
sipated. When the film is examined in slow 
motion, the valve leaflets are frequently 
well visualized. Thickening of the free wall 
of the right ventricle with little inward 
movement is observed in the 
interventricular septum approaches the 
free wall expelling blood and gas. 
Regurgitation of the gas through the 


systole; 


aortic valve is observed on injection of 


quantities of the gas into the left ventricle 
and regurgitation through the mitral valve 
has also been observed. Eddy currents in 
the blood stream are believed to be respon- 
sible for maintaining the valve leaflets in 
place so that they close promptly when 
there is a critical change of pressure at the 


end of ventricular systole.* Elimination of 


these eddy currents may be an important 
contributing factor in this striking regurgi- 
tation of gas through valves which are 
competent for blood. 

Narrowing of the pulmonary artery was 
produced experimentally in dogs by placing 
a ligature about the artery immediately 
distal to the pulmonic valve, and such 
supravalvular pulmonic stenosis has been 
well demonstrated by the use of intrave- 
nously injected carbon dioxide in motion 
picture studies. 

Injections of carbon dioxide have also 
been made directly into the left ventricle 
through a catheter introduced into the 
carotid artery and aorta. When large doses 
of the order of 7.5 cc. per kilogram are in- 
jected in this manner, within a few seconds 
regurgitation of large quantities of the gas 
occurs through the mitral valve and the 
left atrium is visualized together with gas 
entering the pulmonary veins. In one in- 
stance gas also appeared in the right auricu- 
lar appendage, and subsequent postmortem 
examination of the animal demonstrated a 
foramen ovale which was patent to a probe. 
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Such a demonstration indicates a possible 
application of the gas contrast method in 
the demonstration of intracardiac septal 
defects. 

“Double contrast” studies of the left 
ventricle have been done with injection of 
diodrast simultaneously or immediately 
before the injection of the carbon dioxide. 
The opacified blood produces excellent con- 
trast with the gas in the heart, and the coat- 
ing of opacified blood on the walls of the 
heart chambers and the aorta and aortic 
valve produces good visualization of these 
structures. 

In one instance in which double contrast 
injection was made into the left ventricle 
the subsequent study of the motion picture 
flm showed very dramatically bubbles of 
gas advancing peripherally through the 
opacified coronary arteries. This phenom- 
enon has occurred regularly when gas in- 


jections were made, but we have not ob- 


served the actual bubbles of gas in coronary 
arteries without opaque contrast material 
in the blood. A radiolucent line girdling the 
heart was well defined in the movie studies 
of several dogs; subsequent coronary artery 
opacification showed that this represented 
fat in the coronary (atrioventricular) sulcus, 

Many determinations of various physi- 
ologic parameters have been made in the 
course of the studies of the effects of intro 
duction of carbon dioxide into both the 
right and left sides of the circulation. The 
cardiovascular respiratory disturbances are 
minimal when intravenous carbon dioxide 
is employed. The duration of most changes 
is of the order of seconds although a small 
elevation in right ventricular systolic pres- 
sure and a moderate polypnea may last for 
several minutes. The changes in arterial 
carbon dioxide, oxygen and pH are also 
very small after injection of carbon dioxide 
gas. Carbon dioxide gas also produced only 
minimal disturbance in circulatory and 
respiratory phenomena on_ introduction 
into the left ventricle or even into the pe- 
ripheral portion of the carotid artery, and, 
here again, disturbances lasted only for a 


few seconds.!” 


il 
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The motion picture studies with gaseous 
‘intracardiac contrast have frequently shown 
valve structures well in the slow motion 
projected movie, whereas detail was obvi- 
ously blurred, largely due to rapid motion 
when the static individual frame was 
viewed. The etfect of the rapid motion of 
blood in producing blurring is evident when 
opaque contrast solutions are studied and 
the streaming phenomena are observed 
during early filling of a cardiac chamber or 
one of the great vessels. The study of the 
individual Yas bolus in motion also pro- 
vides a good indication of the need for ex- 
posures of very short duration in visualiz- 
ing the phenomena occurring particularly 
during ventricular systole. For instance, a 
gas bolus may be visualized in the outflow 
tract of the left or right ventricle on one 
frame in sharp detail and on the subse- 
quent frame, 1/64 second later, 1t may be 
visualized several centimeters beyond in the 
pulmonary artery or aorta, as the case May 
be, having traveled several centimeters in 
this time indicating a velocity 1n excess of 
1s0 cm. per second. The detail of the bolus 
In motion during this time and of the valve 
structures through which it is passing is 
obscured in the exposures we have been us- 
ing which are of the order of 1 120 second. 

For these 16 mm. motion picture studies 
at 64 frames per second w ith the dog in the 
lateral projection and the roentgen beam 
horizontal, the roentgen factors have aver- 
aged go kv. and 6.5 ma. with 2 mm. of 
aluminum added filtration (Philips image 
intensifier). This results in an air dose of 
approximately 7.$ r per minute at the en- 
trance portal. This roentgen-ray intensity 
was required when fine grain, high resolu- 
tion panchromatic film) (Eastman Re- 
cordak) was employed. kor many purposes 
much information was obtained from angi- 
ocardiography both in the animal and in 
infants employing Tri-X film with reduc- 
tion in the roentgen-ray intensity by a 
factor of 10 but with a more grainy image. 

d) Mitral Competence in Experimental 
Left Ventricular Angiocardiography. Be- 
cause of the interest aroused in the possi- 
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bility of determining mitral competence in 
patients by direct percutaneous injection 
of opaque contrast material into the left 
ventricle (Lehman, ef a/.'*), we have per- 
formed left ventricular angiocardiography 
in dogs by catheter introduced through the 
aorta into the left ventricle with image in- 
tensifier cinefluorography. Figley and _ his 
associates! have previously reported that 
they were unable to demonstrate with con- 
ventional serial roentgenography evidence 
of regurgitation of opaque contrast ma- 
terial into the left atrium of dogs on per- 
cutaneous direct puncture injection into 
the left ventricle (1 cc./kilogram injected 
in 3 sec.). This was true when the mitral 
valve was presumably normal, but marked 
regurgitation was observed when a chorda 
tendinea was previously cut. 

Of 7 dogs in which we injected 70 per 
cent diodrast by catheter, there was slight 
regurgitation evident in the motion picture 
studies in 4 with relatively slow rates of in- 
jection (1 cc./kilogram in § to 7 sec.). In 
one experiment there was no detectable re- 
gurgitation. 

In one instance, with more rapid injec- 
tion of a larger volume of diodrast (1.6 
cc. kilogram in § sec.) and marked brady- 
cardia (morphine-chloradose anesthesia), 
massive mitral regurgitation was demon- 
strated occurring during ventricular di- 
astole (lig. 4). Two catheters had been in- 
troduced into the left ventricle, one for in- 
jection of diodrast and the other for pres- 
sure recording. A pulmonary artery cathe- 
ter recorded the pulmonary “W edge”’ pres- 
sure, a reflection of left atrial pressure. The 
resulting record shows elevation of left 
ventricular, femoral artery and pulmonary 
“wedge” pressures following the injection of 
diodrast, attributed to inspiration (Fig. 5). 

Further studies have shown that these 
rises are secondary to the hyperpnea pro- 
duced by diodrast. There is subsequent 
hy potension and tachycardia attributed to 
the peripheral vasodilating effect of dio- 
drast.! At necropsy the tip of one of the 
catheters was found distorting trabeculae 
carneae in the left ventricle but the papillary 
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Fic. 4. Left ventricular injection of diodrast via catheter in dog. Cinefluorogram showing mitral 
regurgitation. 


muscles and chordae tendineae did not seem 
involved. Although the presence of the 
catheters in the ventricles and the brady 


Fic. 5. Left ventricular (LV), femoral artery (FA) 


and pulmonary ‘“‘wedge”’ pressures following left 
ventricular injection of diodrast (Inj.) shown in 
Figure 4. Initial pressure rise due to hyperpnea. 
Note subsequent marked fall in left ventricular 
and arterial pressures and tachycardia. 


jection 1S 


cardia have influenced the cardiac 
the demonstration of 
marked regurgitation with an apparently 


intact mitral valve is of importance in eval- 


may 


mechanism, such 


uating clinical diagnostic studies where in- 
made by the percutaneous 
method. 

In the remaining similar experiment, 
without bradycardia (nembutal anesthesia), 
marked regurgitation occurred in systole 
on repeated injections. This “physiologic” 
regurgitation of contrast material 
tinues as long as opacification of the left 
ventricle persists. 

(e) The Left Atrium in Cinefluorographic 
Angiography of Human Subjects. Vhe nor- 
mal emptying of the left atrium in ventric- 
ular diastole with the piston-like cephalo- 
caudad displacement of the atrioventricu- 
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lar ring has been well shown in image in- 
tensifier cinefluorographic studies in an in- 
fant. The film in this instance was made at 
64 frames per second in the lateral projec 
tion. 

For comparison, a similar study was 
made of the left atrium in an adult with 
long standing mitral stenosis and surgically 
produced mitral regurgitation (commis- 
surotomy). This study showed the marked 
enlargement of the left atrium with pro- 
longed visualization of this chamber and 
poor visualization of the left ventricle 
with the opaque contrast material. As com- 
pared with the normal there was strikingly 
little change in the anteroposterior dimen- 
sion of the left atrium during the cardiac 
evcle with most of the observed motion of 
the atrium occurring in the cephalocaudad 
direction due to oscillation of the atrio- 
ventricular ring. This study in the lateral 
projection in an adult was made with the 
image intensifier at 32 frames per second. 


SUMMARY 


Examples of the application of electro- 
kvymography, angiocardiography and cine- 
Huorography in the study of cardiac phys! 
ology are presented. 

Slowing of the rate of early ventricular 
ejection electrokymographic density 
curves may be an important index of the 
functional status of the myocardium. 

The pattern of intracardiac 
opaque contrast material in angiocardiog- 
raphy in the normal and in mitral stenosis 
is outlined. 

Studies of light persistence and motion 
blurring intensifiers indicate 
that the initial rate of decrease in light in 


with image 
tensity is so rapid that the phosphor “‘lag”’ 
does not interfere with the usefulness of ex- 
posures of 2 milliseconds or less per frame 
in “stopping” rapid cardiac motion in high- 
speed cinefluorography. 

Cinefluorographic observations with the 
experimental use of carbon dioxide alone 
and in combination with diodrast as intra- 
cardiac contrast are mentioned. 

Cinefluorography has repeatedly shown 
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flow ot 


mitral regurgitation of opaque contrast fol- 
lowing injection into the left ventricle via 
aortic catheter in dogs. 


Herbert M. Stauffer, M.D. 
Department of Radiology 
Temple University Hospital 
3401 N. Broad Street 
Philadelphia 40, Pennsylvania 
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CARDIAC VENTRICULOGRAPHY* 


DIRECT TRANSTHORACIC NEEDLE PUNCTURE OPACIFICATION OF THE 
LEFT (OR RIGHT) VENTRICLE 
By J. STAUFFER LEHMAN, M.D.,t BENJAMIN G. MUSSER, M.D.,f and HARRY D. 
LYKENS, M.D.+ 


PHILADELPHIA, PENNSYLVANIA 


OENTGENOLOGIC visualization of 

the chambers of the heart became a 
reality in 1937 with the introduction of 
angiocardiography by Castellanos, Pereiras 
and Garcia,? and its further elaboration in 
1938 by Robb and Steinberg.* However, 
with the Robb and Steinberg method of 
angiocardiography certain limitations of 
chamber opacification are observed. Para- 
mount among these is the fact that opaci- 
fication proceeds trom a sy stemic vein to 
right heart chambers, thence through pul- 
monary circulation to left heart chambers, 
which course of the opaque substance ob- 
viously results in varving degrees of overlap 
of chamber upon chamber, as well as pro- 
gressive dilution of the opaque bolus and 
consequent progressi\ e decrease of opacl- 
fication, 

In an effort to improve chamber opaci- 
fication, some investigators introduced the 
opacifying agent by means of a catheter 
inserted through a systemic vein, with the 
catheter tip advanced to a location in either 
the right atrium or the right ventricle. 
Chavez, et al} in 1947 published their ex 
perience with “direct intracardiac angio- 
cardiography,” utilizing the catheter tech- 
nique. 

Transthoracic needle puncture of the 
heart and the introduction of an opaque 
medium into the ventricular chambers in 
dogs was reported by Reboul and Racine? 
In 1933. Nuvol? in 1g36 reported a suc- 
cesstul injection of a sodium iodide solution 
into the left ventricle of a patient, via an 
intercostal approach. Ponsdomenech® and 
Beato Nunez! in 19st described their ex- 


perience with direct heart puncture and 
opacification of ventricular chambers in 30 
humans, terming their procedure “‘cardio- 
angiography.” 

Smith, Wilson, Cregg and Klassen® of 
The Ohio State University in 1954 reported 
75 ventricular punctures and opacifications 
in 18 dogs, and also reported use of this 
procedure on 6 humans. These workers, 
too, applied the term “‘cardioangiography”’ 
to the procedure. They discuss possible 
values of direct needle puncture opacifica- 
tion of the ventricles, and tabulate potential 
hazards with suggested preventive meas- 
ures. In September, 1955, Cregg, Smith, 
Wilson and Bull? further discuss cardio- 
angiography and report experiences with 
the procedure in Ig patients. 

The technique of ventricular puncture 
and direct ventricular opacification was 
introduced to us by Dr. Philip W. Smith** 
while on a visit to our institution in Febru- 
arv, 1956, and the first 2 of our series of 77 
ventricular punctures were performed by 
him. 

Our mounting interest in direct ventricu- 
lar opacification was stimulated by our 
need tor a more adequate objective assess- 
ment of the presence and degree of mitral 
valvular insufficiency, and for the evalua- 
tion of surgical procedures directed toward 
correction of mitral insufficiency. Direct 
left ventricular opacification has also been 
used by us for appraisal of aneurysms of 
the left ventricle and, since excellent 
opacification of the thoracic aorta is usu- 

*From the Division of Thoracic Surgery, The Ohio State 
University Health Center 


Pre nt itt litty vent Ant il Meeting of the An n Roent n Ray So tv, Los Angeles, Calitorn a, September 2&-26, 
+t From The Department of Radiology, The Hahnemann Medical College and Hospital, Philadelphia, Pennsylvania. 
{ From The Department of Thoracic Surgery, The Hahnemann Medical College and Hospital, Philadelphia, Pennsylvania (in tenure 
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ally achieved, also in assessing certain 
aortic lesions. We have recorded certain ob- 
servations regarding aortic valves and have 
noted the regular opacification of the coro- 
nary arteries, information which may ul- 
timately prove to be of significant value. 


Our experience in the demonstration of 


interventricular septal defects has not been 
sufficiently extensive for critical analysis 
of the effectiveness of the procedure in the 
diagnosis of such lesions. 

Direct right ventricular opacification 1s 
accomplished by right ventricular puncture, 
and the evaluation of tricuspid insufficiency 
by this procedure is the subject of a study 
now 1n progress and to be reported later. 

While Ponsdomenech® and Beato Nunez! 
and, later, Smith, ef a/.° applied the term 
“cardioangiography”’ to the procedure, we 
have adopted the term “cardiac ventricu 
lography,” and afhx either “left” or 
“right,” depending upon the ventricle 
opacified. We have continued to employ 
this term in the belief that it expresses more 
accurately the direct opacification of the 
ventricle and also more distinctly difter- 
entiates the procedure from angiocardiog- 
raphy. 


Our experience with the performance of 


cardiac ventriculographies in 60. pa- 
tients is the subject of this report. 


METHODS AND MATERTALS 


As with other elaborate roentgenologic 
procedures, cardiac ventriculography re 
quires a well-coordinated “team.” 

The supervision and direction, by a 
radiologist, of the roentgenologic compo 
nent of the procedure are requisites. The 
necessary observations of simultaneous 
pressure and electrocardiographic record- 
ings demand the full-time attention of a 
member of the team conversant with mano 
metric and electrocardiographic equipment, 
and with the significance of the recorded 
pressure and electrocardiographic tracings. 

The ventricular needle puncture per se 
should, in our opinion, be in the hands of a 
physician prepared to meet possible emer- 
gencies such as cardiac arrest. 
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A component member of the ‘“‘team”’ js 
the anesthesiologist, prepared to administer 
oxygen, and to initiate other emergency 
measures in event of possible complications, 

Premedication. Premedication of the pa- 
tient is indicated to allay apprehension and 
pain, and to aid in preventing certain 
cardiac conduction disturbance potentiali- 
ties of the opacification procedure. 

We employ a combination of seconal or 
nembutal, atropine sulphate, and demerol, 
administered one hour before the examina 
tion. For the average adult, the barbiturate 
dosage is 13 gr. (0.1 gm.). Atropine dosage 
0.3 mg.). Early in this series, 
patients with a pulse rate below 8s, minute 


IS 1/200 


received atropine in dosage of 1.150 gr, 
(0.4 mg.). However, this larger dose resulted 
in atrial tachycardia in several patients. 
The routine use of atropine was then 
omitted in 8 patients. Of these 8, 4 had a 
short period of asystole immediately  fol- 
lowing injection of the opaque medium. 
\We, therefore, resumed the use of atropine, 
employing 1 200 gr. (0.3 mg.). Demerol 
has been selected as the narcotic of choice 
because of its minimal depressant effect 
upon cardiorespiratory function, Adult 
patients weighing less than 125 pounds re 
ceive 25 mg.; patients weighing 125 pounds 
or over receive 50 mg. 

Equipment, Rapid serial filming, during 
and following injection of the radiopaque 
medium into the ventricular cavity, 1s 
essential for satisfactory cardiac ventricu 
lographic study. The Universal Automatic 
Seriograph* has proved satisfactory in our 
hands. For adults, 11 by 14 inch films are 
quite adequate, with filming at the rate of 
2 per second for 6 seconds. Roentgeno 
graphic equipment with capacity of 2 
ma. and 120 kv., and a heavy duty rotating 
anode tube are necessary. Conventionally, 
however, we have employed a tube current 
of 300 ma. 

As cardiac puncture 1s accomplished, 
pressure tracings and electrocardiographic 
changes are continually observed by means 

* Manufactured by The Automatic Seriograph Corporation, 
College Park, Maryland. 


of a capacitance type electromanometer 
and a direct-writing poly-oscillograph.* 
We utilize a 6 inch, short-beveled needle 
for the ventricular puncture. In_ the 
majority of our cases, that has been gauge 
1s, A gauge 17-T (thin-walled) needle was 
used in a smaller number of cases, but its 
with an 
breakage in 2 


use was associated 
With 
strength with 
avoidance of syringe breakage, 


The 


glass syringe cases. 


improvement in syringe 
resultant 
the gauge 
needle is connected to a 20 cm. 
polyethylene tubing, 2. 
diameter, having a Luer-Lok adapter at 
each end and metal clamping guards at 
the connections of the tubing to the 
\ Luer-Lok three-way stopcock 
this tubing with a 
cm. 


needle is preferred. 


mm. in lumen 


adapters. 
connects similarly 
equipped 5 length of polyethylene 
tubing. The three-way stopcock, the lu- 
mina of which have been enlarged, is in- 
serted between these two sections of poly- 
ethylene tubing to permit connection with 


the electromanometer for the purpose ot 


monitoring pressures during intracardiac 


needle insertion. 

terminal 
Karly in 
** 


attached to the 
adapter of the tubing assembly. 


A syringe 1s 
the series we used a cc. Robb syringe. 
As atorementioned, we encountered occa- 
sional difficulties from syringe 
breakage during the injection procedure. 
We had the Robb type syringe modified 
with a and although the 
incidence of svringe breakage was reduced, 
we still experienced 
breakage. A further improvement, with an 
Increase in wall thickness of both the piston 
and the svringe barrel, 
stronger 


arising 


stronger piston, 


occasional syringe 


was devised by one 
of us ) and we have now obtained a 
syringe, we believe our problem of syringe 
breakage has finally been resolved. 


The syringe is adapted to a mechanical 


*Obtained from Sanborn Company, Cambridge, Massa 
chusetts 
** Becton Dickinson & Company, Rutherford, New Jersey. 


t Becton Dickinson & Company, Rutherford, New Jersey. 
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incidence of 


length of 


glass svringe.t Using this latter 
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pressure mys (Fig. 1), also devised by 
one of us (J.S.L.). Utilizing this injector, 
which employs a on lever principle, we 
are able to deliver 50 cc. of radiopaque sub- 
stance through the aforementioned tubing 
and needle assembly in two seconds or less. 

The basic equipment we employ in the 
performance of cardiac ventriculography is 
illustrated in Figure 2. 

The radiopaque medium used through- 
out our entire series of cardiac ventriculog- 
raphies has been 70 per cent diodrast, 
although our experience with angiocardiog- 
raphy suggests to us that there unques- 
tionably are other marketed media which 
are also satisfactory for cardiac ventricu- 
lography. We have found that 40 cc. of 70 
per cent diodrast will effect excellent opact- 
fication of the left ventricle and subsequent 
good visualization of the aorta. In the study 
ot tricuspid valvular insufficiency with 
right ventriculography we have, on a 
number of occasions, employed 50 cc. of 
70 per cent diodrast, and we believe this 
to be the optimal amount. 

For the management of possible severe 
reactions or complications, aside from the 
usual facilities of the 
laryngoscope, an 


anesthesiologist, a 
endotracheal tube, a 
a cardiac defibrillator, 
and a supply of levophed, benadryl, hydro- 
cortone, and ¢ per cent glucose in distilled 
water are also on hand for emergency use. 


thoracotomy tray, 


ROENTGENOGRAPHIC TECHNIQUE 


We have attempted to determine the 
optimal projections for the demonstration 
lesions. All of our cardiac 
ventriculographies have been obtained with 
the patient in Aorizontal position. An ex- 
aggeri ated right posterior ob lique position, 
actually a right lateral projection with the 
patient’s right side down but with approxi- 
mately 16 posterior tilting, has 
been our preferred projection for the demon- 
stration of mitral valvular insufficiency with 


of various 


degrees 


its regurgitant opacification of the left 
atrium. 
t Obtainable from Franklin X-ray Corporation, 21 Arch 


Street, Philadelphia, Pennsylvania. 
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Fic. 1. Mechanical pressure injector. 


In an effort to delineate the width and 
size of the regurgitant jet through the 
mitral valve in mitral insufficiency and to 
visualize more adequately the mitral valve 
leaflets, we have on several occasions em- 
ployed the exaggerated right posterior 
oblique projection, but with caudal angula- 
tion of the central rays approximately 1¢§ 
degrees. This projection resulted in partial 
overlap of the left ventricle on the left 
atrium, and did not improve our visualiza- 
tion of the mitral valve area. A 15 degree 
cephalad angulation was also tried, with 
the patient in left posterior oblique posi- 
tion. This produced some superimposition 
of the left atrium on the left ventricle. 


Fic. 2. Basic equipment for cardiac 
ventriculography. 


Further study may vield a more advantage. 
ous projection than our present direct verti- 
cal projection with the exaggerated right 
posterior oblique position. 

Demonstration of aneurysms of the left 
ventricle involving the posterior ventricular 
wall, and lesions of the thoracic aorta, as 
well as visualization of the aortic valve ap- 
pear to be best accomplished by the exag- 
gerated right posterior oblique position. © 

A direct anteroposterior projection 1s 
recommended tor the evaluation ot tricus- 
pid valvular insuthciency employing right 
ventriculography. This same projection 
seems preferable for the demonstration of 
left ventricular aneurysms involving the 
anterolateral wall of the left ventricle. 
Further experience may indicate the ad- 
visability of other projections. 

With the patient in the desired position 
and with the heart and aorta properly 
centered over the filming area, a strip of 
adhesive tape holding a series of small lead 
numerals placed 1.0 cm. apart is then af- 
fixed in cephalocaudal axis to the skin of 
the patient’s chest in the area of roentgen 
projection of the ventricle. A small lead 
marker is also placed at the site of skin 
puncture. With a palpable xiphoid car- 
tilage, the lead marker is placed at the 
angle between the xiphoid and the left 
costochondral margin. When the xiphoid 
cartilage is not palpable, the marker is 
placed on the skin at the angle formed by 
the right and left costochondral cartilages. 
With the strip of lead numerals and the 
lead marker at the xiphoid area in place, a 
scout film is obtained. From this film (Fig. 
3) the lead numeral most closely approxi- 
mating the ultimate desired interventricu- 
lar position of the needle tip is selected and 
used as a reference point, by ink-marking 
its location on the patient’s skin. The ink 
mark area serves as a guide for directing 
the degree of cephalad needle angulation. 


rTECHNIQUE OF VENTRICULAR PUNCTURI 


AND INJECTION 
A diodrast skin test is a preliminary 
routine, even though we have been little 
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impressed with the value of this test. 

A short run ot electrocardiographic rec- 
ord is made. The syringe is loaded with the 
radiopaque substance. The tubing and 
needle assembly is then attached and the 
electromanometer connected through the 
three-way stopcock, with the tubing and 
needle assembly filled with physiological 
saline solution. 

The skin puncture site 1n all of our series 
has been at the xiphoid area, as cardiac 
needle puncture at the surface of the heart 
closest to the xiphoid cartilage avoids 
major coronary arteries or larger coronary 
artery branches. 

A procaine wheal is made at the punc- 
ture site, and the procaine local anesthesia 
extended through the chest wall. A small 
skin stab 1s made with a Number 1¢ knife 
blade. 

For lett cardiac ventriculography, the 
needle is aimed for a point half-way be 
tween the estimated position of the mitral 
valve and the apex of the left ventricle. 
With a left ventricle, the 
needle is inserted toward the left, at a1 


normal-sized 


degree angle to the sagittal plane ot the 
body. With an enlarged left ventricle, the 
needle 1S inserted more closely to the sagit 
tal plane. If the left ventricle is displaced 
by a large right ventricle, the needle is in 
serted at an approximate 20 degree angula 
tion to the sagittal plane. 

For right ventriculographic study, the 


needle 1s aimed at the estimated center of 


the right ventricle, with the needle, how 


Sver, direc ted nearer to the sagittal aXIs ot 


the patient. 
Rapid needle passage is desirable. Con 
tinuous electrocardiographic recordings are 


obtained during the needle insertion. On 


intracardiac penetration of the needle, if 


the recorded pressure is lower than SVS 
temic blood pressure one must assume that 
right ventricular puncture has been ef 
fected. This can be verified by permitting 
a small amount of blood to enter the tub 
ing. If the blood appears unoxygenated, 
one may be reasonably certain that the 


needle tip is in the right ventricle. When 


Cardiac Ventriculography 


ic. 3. Preliminary film. Strip of lead numerals in 


ce phalocaud il axis of patient projected over left 
ventricle. Lead marker at xiphoid area. The nu- 


meral most ne 


arly approximating the desired ulti 
mat position 


of the needle tip 1s selected as the 
nt for determination of degree of 


of the needle. 


ng poi 
cephalad angulation 
the intent is /e/t cardiac ventriculography, 
the needle is advanced farther through the 
ventricular septum, until left ventricular 
pressure is recorded. Figure 4 1s a diagram- 
matic cross-section illustration of the rela- 
tionships of the right ventricle, the inter- 
ventricular septum and the left ventricle 
to the location of the needle effecting left 
ventricular puncture. 

With penetration of the ventricle, the 
needle is slowly withdrawn until damping 
Of the pressure tracing occurs, The needle 
cm., or tor such an 
additional distance as 1s required to obtain 


is then readvanced 


a good ventricular pressure recording. This 
maneuver, we feel, 1s ot considerable im- 
portance in avoiding inadvertent medium 
infiltration of the septum or ventricular 
wall. With satisfactory and undamped 
ventricular pressures recorded, the stop- 
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ic. 4. Cross-sectional diagram of the right ventricle, 
interventricular septum and the left ventricle, and 
location of the needle effecting left 
puncture. 


ventricular 


cock is turned to connect the pressure in 
jector and the radiopaque medium is in 
jected. 

At the time of injection the patient is 
instructed to stop breathing. It is most 
important that the patient be cautioned 
against taking in a deep breath during the 
needle insertion, while the needle is 1n post 
tion, and at injection. The drawing of a 
deep breath has, on occasion, resulted in 
movement and displacement of the needle 
with resultant intramyocardial and, in one 
instance, intrapericardial injection. It is 
recommended that the total time for injec 
tion of the complete dosage of opaque 
medium not exceed two seconds. As soon 
as injection is completed, the needle is im 
mediately withdrawn. 

Continuous electrocardiographic record 
is maintained before, during and after the 
needle insertion and injection of the me 
dium. 

The filming procedure is started 1m- 
mediately prior to the beginning of the in 
jection. The first of the series of twelve 
films thus serves as a “‘control” film for 
comparison with subsequent films showing 
ventricular opacification. 


ANALYSIS OF CASES 


This report presents our total experience 
with cardiac ventriculographies in humans. 
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77 studies in 60 patients. A 
tabulated résumé of these examinations is 
presented in Table 1. There were 22 males 
and 38 females. Age range was from sixteen 
to sixty-four hiftv-two patients 
were between the ages of twenty and fifty 


It comprises 


years. 


vears; 2 were below twenty years of age 
and 6 were over fifty vears old. In 17 ox. 
aminations, two insertions of the needle 
were required to obtain what was consid- 
ered at the time of the study to be a satis- 
factory ventricular puncture. In one ex- 
amination, three needle passes were re- 
quired. 

More than one needle insertion was ne- 
cessitated by either failure to obtain pres- 
sure tracing indicating ventricular punc- 
ture, or a pressure tracing showing a 
damped recording was obtained indicating 
that the needle tip was not clearly in the 
ventricular cavity 
partially in myocardium and partially in 
the ventricular lumen. 

In 2 examinations, failure to obtain the 


but was, presumably, 


ventricular pressure record on the initial 
insertion of the needle was proy ed to be due 
to needle plugging by fragment of cartilage, 
the result of 
through the margin of the adjacent costal 


probably needle passage 
cartilage. 

A satisfactory and undamped_ pressure 
tracing was not obtained 1n 4 examinations, 
and in these a film was immediately ex- 
posed before the needle was withdrawn. 
This “check” film revealed that the needle 
tip was too low tn the ventricle, and the 
film aided in adjusting the direction for the 
second insertion of the needle. 

An additional, though infrequent, rea 
son for more than one puncture was the 
development of a severe cardiac arrhyth- 
mia, such as persistent ventricular tachy- 
cardia, occurring during myocardial punc- 

Of the total of 77 examinations, the ob 
jective was /eft cardiac ventriculography in 
69. In 34 of these, needle passage was direct 
to the left ventricle without traversing the 
right ventricular cavity. In 32 left ventric- 
ulographies, the needle first traversed the 
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right ventricular cavity and a right ventric- Demonstration of aortic aneurysm 2 
ular pressure recording was obtained in Demonstration of coarctation of aorta. . I 
‘ Evaluation of suspected and undiagnosed car- 
se cases; the needle then passed through 
these « | diovascular malformation................. I 


the septum to the left ventricular cavity. 


Of the 69 examinations in which left 
ventriculography was the objective, “‘un- 
intentional” right ventriculography was 


obtained 3 times, all these 3 occurring 


among the first 43 examinations. Such “ 
right 


un- 


intentional” ventriculography was 
attributable, in 2of the 3 cases, to the pres- 
ence of right ventricular hypertension re. 


sulting in recorded pressure values of mag- 


the expected eft ven- 
Experience has taught 
may be avoided, when 
there is uncertainty as to whether the 
needle tip is in the right or the left ventri- 
cle, by allowing a small amount of blood 
to reflux through the needle into the poly- 
ethylene tubing. 
of such blood, 1c 


nitude simulating 
tricular 


us that rror 


pressures. 


Observation of the color 
., Whether it appears OXY 
dentity the 


in which the needle tip is lodged. 


genated or unoxygenated, will 1 
chamber 
The objective was right ventriculography 


here 


ventricular 


in & examinations. 
tentional’’ lett 
among these &. 


was one “unin- 


opacification 
— error IS as¢ ribed to an 


unreliable pressure monitoring. 


SELECTION OF (¢ 


ASES 


The purposes tor which cardiac ventric 
ulography was performed in our 


examinations are as tollows: 


Evaluation of degree of mitral valvular insum 


clency In patients with suc h clinical diag 


Demonstration of presence and 
Insumeciency 


of mitral valvular 


Sence. In pa 
tients with clinical diagnosis of mitral valvular 
disease 

Evaluation of any residual mitral valve insuffi 
ciency following surgica proc tor this 
lesion 


sence and, or 


Evaluation of pre 
cuspid valvular insufficiency 
Demonstration of aortic valves in pati ents WI th 


.] ‘ 
clinical Giagnosis of aortic valvular disease g 


1) monstration of suspected int 
St ptal defect 

Demonstration of left ventricular anet 

Evaluation of left 


procedure for 


irvsm 2 
ventricle following surgical 


left ventricular aneurysm... I 


series of 


Figure § portrays a ventriculographic 
study in a patient with clinical diagnosis 
of mitral insufficiency. 
tant opacification of the left 
clearly discernible. At surgery, 
mitral insufficiency was found. 


Regur gi- 
atrium 1s 
Grade 2 


The progressive but not pronounced re- 
gurgitant opacification of a huge left atrium 
t patient with surgically a mitral 
sali sep is demonstrated in Figure 6. 
illustrates the of 
cardiac ventriculography to the evaluation 
of surgical procedures for relief of mitral 
insufficiency. 


igure 


Preoperative ventriculogra- 
phy on this patient revealed a Grade 3 
regurgitant opacification of the left atrium 
grading on basis of 0 to 4); postoperative 
study marked 
gurgitant opacification. 

Regurgitant opacification of the right 
atrium, in a patient with clinical diagnosis 


revealed reduction of re- 


of tricupsid insufficiency, is shown in Fig- 
ure o. 

igure g portrays the opacification of a 
left ventricular aneurysm, and the appear- 
ance of the 
tion of the aneurysm. 
/ illustrates the ventriculo- 
graphic ap pearance of anormal aortic valve. 
igure 10, B and C demonstrate the thick- 
ened appearance of aortic valve cusps in 2 
patients with surgically proved aortic val- 


ventricle after surgical resec- 


igure I 


vular disease. Figure 10 D depicts the aortic 
valve cusps of a patient with surgically 
aortic mitral stenosis and 


mitral insufficiency. 


prov ed stenosis, 


a Grade 


VENTRICULAR PRESSURE RECORDINGS 
Tech- 
nique of Ventricular Puncture and Injec- 


\s indicated in the discussion of 
tion, continuous electromanometric record- 
ing of intracardiac transmitted 
through the needle and tubing assembly, 


pressures, 


has been considered an essential compo- 
nent of our procedure. The pressure record- 
ings form the basis for our determination 


— 


10. 


Patient 


M.M 


A.D. 


20. S.C 
24. M.H 
25. M.H. 
27. 
9. A.P 
30. M.B. 


51 


J.S. Lehman, B. G. Musser and H. D. Lykens 


Date P rp se ol S id 
15/56 degree mitral insufficiency 


56 degree mitral ins 


g itheienc 
23/96 postoperative evaluatio 
17,56 evaluate aortic aneurysms 
20° 56 degree mitral in ficient 
20 oo evalu Valve i i 
Va lar area 
20/56 degree mitral insufficienc 
29 56 degree mitral insufficier 
) t 
2 96 demonstrate suspected inte 
ventricular septal defect 
56 legree tra hei 
13,56 degree tra suffer 
19/56 | degree mitral insufficie 
repeat stud 
19 56 evaluate for tr 
ncien¢ 
19 5¢ degree tr t ( 
27/56 degree itra suffer 
27,56 degree tr suffi ( 
19 56 postoperative ¢ t 
56 degree tra 
19. 56 postoperative ¢ itor 
ob e\ it it ventric 
25 56 postoperat it 
5 /5¢ Jemonstrate pect t 
5/56 degree tr ( 
§ 56 lemonstrate ispected coart 
tation of aorta 
6 ob degree mitra suff 
26 96 postoperative ¢ itl 
10 56 degree itra su lf 
2°26 postoperative eva t 
10,56 evaluate for tral 1 
helen< 
11/06 degr tral cle! 
AT = Aortic vular insufficienc 
AS= Aortic valvu ste 


Congenita 


Interventricul 
L.V.=Left ventricle 
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Ventricular Puncture Ventricular Pre r 
tive Left Ven Di 
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: Electrocardiographic Change Diagnosis Examination Quality 
Pre Verifica Complications 


t ( Kal atior ng nlar 
ture Diodrast Injection Examinatic tior 


inintentional R.V. injec- | none 
10F tion; high R.V. pressure 


t irgica good none 
rematur on 
1) + 1 
) ventricular premat ires hyca MI good none 
eS - )-heat 

iort ine aortic aneur I iortic aneu surgica excelient none 
rematures none rys rysms 


9 ventricular premature tact MI; AS(? MI+4 Lortie MI+++ irgical excellent 


none 
( \ t 
nd cardia 4 seconds valve 
bradyeardia 4 second 
pret thickened 
) ventricular atures ne } rt iortic il ve 1ortic stenosis 1 poor needle tip toc high in out- none 
ST segment elevatior ened genit How tract 
short duration 
r eptricular tachycardia Treque r ne MI major Irgica Tallure intramyocardial injectior intramyocardial in‘ection 
9-heat; short ventricu \S minor partia moderate); mild sub- 
vr flutter sternal pain; mild shock 
short duration); ree - 
ery 
1] MI++4 MI++4 rgic good none 
pss 
ventricular dissoc IVSI IVSD; Al irgica ullure intramyo¢ intra intramyoeardial /intra- 
4 \ 
ve I \ pericard ectior pericardial injection 
ir partia moderate): substerna 
ar di pain; shoek—-24 hr 
ventricular premature; | MI4+4;aortie | MI; Al fai 
bradycardia 3 seconds valve tt 
ventricular pre Mi; M tilure ntramyocardial /intra- intramyocardial /intra- 
ema ‘ al injectior pericardial injection 
no ventricular total); slight pain, 1 
pacificatior shock 
tricular tachyeard MI; M MI r eedle tip too high—in none 
outfiow tract 
ging aberrant cor Ms 1] MI | ‘Ss; TI r poor tra card ection | intramvoeardial injection 
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ction ht bundle intrar eardial ti 1 } 
| ( 1 amyocardia tion; no pain; no sho 
ra cht ht t I rt 
MIS 
mnat tat t retat rgi good mie 
t 
entricular premat MI MI MI | none 
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none 
rachyeardia | 
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}-beat Ms Ms 
tricular tachyeard MI xcellent ly 
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| 
seconds | 
record unreliable M M Ms ( t } none 
radyeardia t i MI MI MI X 


| 
; 
119 


Patient 


36. J.A. 
38. CLR. 


T.M. 


M.D. 


H.B. 
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Age 


Date 


11/56 
12/56 
12/56 
13,96 
13 56 
2/00 
16 56 
20 56 
23 56 
26 56 
24/56 
25 56 
= 
/obd 
27,56 
56 
1 56 
56 
| 
| 
5H 
14.56 
1 56 
23 /56 
5H 
56 
5 
1456 
5 56 
5 56 
11,56 
12 56 
18 56 
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hang Electrocardiographic Ct Diagnosi Examination Quality 
Pr Verifica Complications 
ir Diodrast Injection Post t | inat t ‘ Grad Explanati 
Ntricular ventricular tachyeardla t CHD th TI t Tal nintentional L.V. injee- | none 
-heat f-beat; bradyeardia tion 
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of the entrance of the needle tip into the 
ventricular cavity. 
Of the 69 exam 


inations which /eff 


cardiac ventriculography was the obje 
tive, the right ventricle was traversed in 32, 
with pressure recordings being obtained 
for both ventricles. Figure 11 demonstrates 
the pressure recording as the needle tip 
passes from the right ventricle, through the 


septum, into the left ventricle. The pres 


sure record with regard to the right ventri 
cle in one of the 32 examinations Was, upon 
analvsis, considered unreliable, and the 
pressure records for one other of these 32 
examinations are unavailable. 

Of the 30 ventriculographies in 
both right and lett 


records are available and reliable, only one 


whic h 
ventricular pressur 
showed a right ventricular systolic pressure 
equal to or exceeding that of the left ven 


tricle. In this OnE. Case, the right VENCtricu 


Hy, 


S\ stolic pressure Was 


lar systolic pressure was 200 mm while 
the left ventricular 


but 100 mm. Hg. 


\t subsequent surgery, 


UARY, 1957 


VENTRICULOGRAPHIES IN 00 PATIENTS 
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this pressure ditferential Was ascribed to a 
severe, pure pulmonic stenosis. 
the needle 


passage Was direct tO the lett ventricle in 


previously mentioned, 
34 Instances of left ventricular puncture. 
igure 12 demonstrates the pressure and 
elec trocardiographic tracings of such direct 
left ventricular puncture. 

The S\ stolic pressure in the lett ventricle 
s normally of the same order of magnitude 
as the systemic systolic pressure. In pa 
stenosis, a 


dvnamic aortic 


cradient exists betw ech the lett ventricular 


tients with 
systolic pressure and the svstemic systolic 


pressure. In 10 patients an additional in 


Lent of the procedure Was to obtain data re 
carding the presence or absence of such a 
gradient, and the systemic systolic pres 
sure was recorded through an 1n-dwelling 
Cournand needle inserted in a svstemi 
artery. 

Right ventricular WEre: TE 


corded in all of the 8 examinations in which 


pressi 


right ventriculography was the objective. 


| 
\ t 
Patient Age Dat QO 
= 
Piodras 
63. R.H. 
tricular 
4, 6. f-beat 
64. W.P. sional 
prematu 
ts 
65. GS \ 
66. S.B 
67. H.D 
68. J.N. 
atur ird 
69. G.D. 
70. M.W, 
71. Bl 
73. G.G ‘ 
74. E.B. 
FA. 
NS 
77. JN. «heat 
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avatlable and reliable 
ot these examinations. 


Pressure records are 
for 7 

The procedure of slight withdrawal of 
the needle, after initial ventricular punc- 
ture, until damping of pressure waves Is evI- 
dent and then slight re-advancement of the 
needle as a part of the needle puncture 
technique has been previously mentioned. 
The typical damping of ventricular pres 
sure waves produced by this maneuver 1s 
illustrated in Figure 13. 

The pressure tracing provides important 
and useful information as to whether the 
needle tip is clearly within the ventricular 
cavity. A partially damped wave ts an 1nd1- 
cation that the needle tip in some measure 
engages the ventricular wall or a papillary 
muscle, and that there is need for readjust 
ment of the needle. Figure 14 depicts a 
pressure tracing showing dampening of the 
left ventricular pressure waves. The tracing 
indicates that the needle tip is in the left 
ventricular chamber during the first por- 
tion of ventricular systole. During the lat- 
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ter portion of systole and the succeeding 
diastole, a damped curve is obtained, indi- 
cating that at this portion of the ventricu- 
lar movement the needle tip is at least par- 
tially in the ventricular wall. 

ELECTROCARDIOGRAPHIC OBSERVATIONS 

The intracardiac insertion of a needle 
can, and rather regularly does, produce 
some disturbance of cardiac rhythm. On 
occasion, the needle insertion may also pro- 
duce conduction aberrations. 

It is also well established that the pas- 
sage of a high concentration of radiopaque 
medium, such as 70 per cent diodrast, 
through the heart can produce temporary 
electrocardiographic changes. 

In the performance of cardiac ventric- 
ulography, we have evidence that the 1m- 
pingement upon the ventricular endocar- 
dium of the jet of radiopaque medium issu- 
ing from the needle can produce electro- 
cardiographic disturbances. 

Our observations regarding electrocardi- 
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Fic. 5. Case V. V. Cardiac ventriculography—left. Mitral Valvular Insufficiency. (4) First film of twelve 
film series, obtained } second before start of injection. This film serves as scout control. (B) Beginning 
opacification of left ventricle. (C) Film at one second (20 cc. diodrast injected). Marked regurgitant opaci- 


fication of left atrium. (D) Film at 2 seconds (completion of injection 40 cc. diodrast). Ventricle in diastole. 
Left atrium well opacified. Regurgitation estimated at Grade 3. Note visualization of mitral valve leaflets, 
aortic valve cusps and coronary vessels. Surgically proved mitral insufficiency, Grade 2 
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Cardiac Ventriculography 


Fic. 6. Case FE. F. Cardiac ventriculography—Left. Mitral valvular insufficiency. (4) Beginning of injec 
tion. (B) One-half second later. Opacification of left ventricle. (C) Film at approximately two seconds 
(completion of injection 40 ce. diodrast). Regurgitant opacification of huge left atrium. (D) Film at three 


seconds. Further opacification of huge left atrium. Regurgitation estimated as Grade 4; proved as Grade 


4 at surgery. 
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Fic. 7. Case M. S. Cardiac ventriculography——Left. Mitral valvular insufficiency. (4) 


Preoperative study. 
Kirst film (immediately before injection). (2) Film at one and one-half seconds (near completion of injec 
tion 40 cc. diodrast). Marked regurgitant opacification of left atrium, estimated at Grad 


and surgically 


proved as Grade 3. (C) Postoperative study 14 days following cross plication posterior commissure of mitral 


valve. First film (immediately before injection). (D) Film at one and one-half seconds (near completion 
of injection 40 cc. diodrast).Marked reduction of regurgitant opacification of left atrium (estimated Grade 


1 or less). 
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Cardiac Ventriculography 


8. Case KE. B. Cardiac ventriculography —right. Tricuspid valvular insufficiency. (4) First film, immedi 


ately before injection. (B) One-half second later. Beginning of injection. (C) kilm at approximately one 
second after start of Injection 


Partial opacification of right ventricle and beginning regurgitant opacifi- 
cation of right itrium. (/)) kilm at two and one halt seconds. Approximately one half second after comple- 
tion of injection 50 cc 


cc. diodrast. Excellent opacification of right ventricle and regurgitant opacification of 
right atrium. No surgical confirmation but clinical evidence of tricuspid insufficiency. 
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Fic. 9. Case S. C. Cardiac ventriculography left. 
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Aneurysm of left ventricle. (7) Preoperative study. Film 


at approximately one and one-half seconds (near completion of injection 40 cc. diodrast). Excellent opact- 


fication of left ventricular aneurysm. 


(B) Postoperative study twenty days after surgery. Film at two 


seconds (completion of injection 40 cc. diodrast) demonstrates resection of aneurysm. 


ographic changes incident to cardiac ven- 
triculography 
confined to electrocardiograms obtained by 


have been almost entirely 


a standard lead 1. Obviously, such a record 
is not a complete cardiographic analysis, 
but the ventriculographic procedure as 
performed by us does not permit of simul 
taneous multiple lead and chest lead elec 
trocardiographic recordings. 

Our most common electrocardiographic 
observation during cardiac ventriculogra- 
phy is as follows: As the needle tip contacts 
the heart muscle, several ventricular pre 
mature beats occur, or a short run of ven- 
tricular tachycardia is observed. With ad 
vancement of the needle through the myo 
cardium, there are frequently a few addi- 
tional ventricular prematures or, on occa- 
sion, a short run of ventricular tachycardia. 
If the needle traverses the septum, there are 
frequently additional 
ture beats or a short 


ventricular prema 


run of ventricular 


tachycardia. Upon entry of the needle into 


the ventricular chamber, and with no 


further needle manipulation, the arrhythmia 
disappears. At injection of the 
radiopaque medium, a 4- to g-beat run of 
ventricular tachycardia is a not infrequent 
finding. Upon withdrawal of the needle, 


usually 


the pre-examination electrocardiographic 
pattern is usually resumed. 

Of the total series ot 77 
ulographies, the entire procedure was ac 
complished without evidence of even the 
slightest \ significant 
change in heart rate in only two examina- 


cardiac ventric 


arrhythmia or any 
tions. 

We have observed that s/ow intracardiac 
insertion of the needle produced more tre 
quent ventricular premature beats and ven 
tricular tachycardia of longer duration than 
did rapid needle advancement (lig. 12). 

Inadvertent intramyocardial or intra 
pericardial injection of diodrast can pro 
duce more profound electrocardiographic 
disturbances. There were 8 cases in. which 
such inadvertent injection was made, and 
these will be discussed later in this paper. 
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} 
Fic. 10. Cardiac ventriculographies—left. Aortic valve visualization. (4) Case V. V. Normal aortic valve. 
Patient has mitral insufiiciency. No evidence of aortic valvular disease at surgery (cross plication posterior 
commissure, mitral valve.) (B) Case F. A. Thickened aortic valve cusps. Verified by aortic valve commis- 
‘ surotomy for aortic stenosis. (C) Case T. M. Thickened, deformed aortic valve cusps. Deformed, stenotic 


aortic valve at aortic commissurotomy. (D) Case G. G. Thickened aortic valve cusps and grade I regurgi- 
tant opacification of left atrium. Proved as aortic stenosis, mitral stenosis and Grade 1 mitral insufficiency 


at surgerv (aortic and mitral commissurotomies). 
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Fic. 11. Case J. N. Pressure and electrocardiographic tracings. Needle passage into right ventricle, through 
septum, into left ventricle. Right ventricle pressure 4 5; left ventricle pressure 115/0. Electrocardio 
gram shows ventricular premature beats as needle tip enters right ventricle and as septum ts traversed. 


as LEFT VENTRICLE 


4. 4 

Fic. 12. Case M. H. Pressure : nd electrocardiographic tracings. Needle passage direct to left ventric Lett 
ventricular pressure 140/0. Flectrocardiogram shows prolonged ventricular tachycardia on slow passag 


needle to the left ventricular chamber 


PRESSURE 


SLIGHT 
WITHDRAWL 


ECG 


Kic. 13. Case L. B. Pressure and electrocardiographic tracings. Needle adjustment in ventricular chamber 
Damping of left ventricular pressure waves as needle is slightly withdrawn. Return to satisfactory wa 
form with slight re-advancement of nee 


PRESSURE RIGHT VENTRICLE 


PRESSURE 


Cardiac Ventriculography 


During the latter portion of \ 


ing that during this phase of \ 


Three ot these Y cases showed striking 
electrocardiographic aberrations, although 
only one of the 3 was of more than tem 
porary duration. 

It 1S obviously essential that the pre 
examination electrocardiographic data be 
known, both trom the standpoint OF EX 
cluding those patients who have a serious 
arrhythmia of a nature contraindicating 
cardiac ventriculography and in evaluat 
ing the significance of electrocardiographt« 
changes produced by the procedure. 

The arrhythmias occurring during car 
diac ventriculography, incident to both 
needle puncture and diodrast injection, as 
well as those occurring in the immediate 
postinjection period are recorded in Table 

Ventricular Premature Beats. Ventricular 
premature beats represented the most tre 
quently encountered arrhythmia during 
ventricular puncture and were observed 
In 46 ot the 77 studies. These were Trequent 
and only occasional in 


In Occurrence 17 


the remaining 1g examinations. Needle 


passage across the ventricular septum re 


sulted in ventricular premature beats in 13 


cases, but never exceeded 3 beats. Ventric 

ular prematures were observed in Lo 

aminations at the time of actual diodrast 


Injection, and never exceeded § beats. 


These were thought to be related to endo 


cardial stimulation by the jet ot Opaque 


medium against the opposing ventricular 


wall. Premature ventricular beats were ob 

served in only 2 patients in the postinjec- 

tion period. 
Ventricular 


of ? or more consecutive beats of ventricu- 


Tachycardia. All instances 
lar origin were considered as ventricular 
tachveardia. This major arrhythmia oc- 
curred 44 times during ventricular punc- 
ture. More than one episode of ventricular 
tachycardia was recorded in 17 of these 44 


studies. The septum was traversed in 34 
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: Fic. 14 Case J A. Pressure and trocardiographic ti Damped left ventricular pressure waves. 
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Kic. 15. Case M.S. Electrocardiographic tracing. Electrocardiographic changes immediately following dio 


drast injection. Occurrence of 4-beat ventricular tachycardia concurrent with diodrast injection. Prompt 


] 


return to normal sinus rhythm, with a short 


the entire series; 
ventricular tachycardia ensued at the sep 
tum in 8 of these 34 studies. 

The duration of the tachveardia ranged 
between 3 and 
the 44 examinations. A 6- to g-beat ventric- 
ular tachycardia occurred 1n 16 examina- 
tions and a tachycardia of longer duration 
was observed in 6 of the studies. During 
diodrast injection, ventricular tachycardia 


of the examinations in 


occurred 23 times. igure 15 shows the oc- 
currence of a 4-beat ventricular tachy- 
cardia concurrent with diodrast injection. 
Multiple runs of tachycardia 
served in 4 studies in this group. A 3- to 
s-beat ventricular tachycardia occurred in 
14 of these 23 examinations, and a 6- to 
g-beat tachycardia in the remaining g in 
stances. It appec ired in 2 studies during the 
postinjection period. 

Ventricular Flutter. Ventricular flutter 
occurred in 2 examinations. Both of these 
were short-lived arrhythmias. One was in- 
cident to advancement of the 
through the myocardium; 
curred at the time of diodrast injection. 

Coupling. Coupled beats were noted in 
examinations during ventricular puncture, 
in 6 during diodrast injection and in 2 dur 
ing the postinjection period. 

Bigeminal Rhythm. 
short periods during ventricular puncture 


were ob 


needle 


the SECC ynd Oc 


This was present for 


in 3 studies, and occurred once at diodrast 
injection. 
Bradycardia. 


3radycardia ensued as 


beats in length, in 22 of 


period of bradycardia. 


the needle passed through the myocardium 
in 3? examinations. It occurred in 26 of the 


The 


beats atter 


studies, incident to diodrast injection. 
slowing occurred within 1 to 


the injection Was begun. The periods ot 
bradycardia varied trom two to twelve 
seconds. The mechanism of this brady- 


unknown, but because of. its 
prompt appearance, a reflex origin 1s postu 
lated. Due to its early timing, the afferent 
stimulus is thought to originate in the myo- 
cardium itself. The efferent 
strong vagal effect. 
showing a 


cardia 1s 


stimult 
itteen of the 
bradveardia 
with diodrast injection had a normal sinus 
rhythm, and the slowing of the heart rate 
manifested 


SUY 
gest a 


Cases concurrent 


itself as a sinus bradycardia 
Twelve of the patients manifesting a 
bradycardia had a pre-examination rhythm 
of atrial fibrillation. 

Tachycardia, One patient in the 
developed a supraventricular tachycardia 
during diodrast injection. During the post 
injection period, 
22 Instances. 


series 


tachveardia occurred in 
Seventeen of these followed 
after a period of bradycardia. In the re- 
maining ae there Was no significant slowing 
of the heart rate immediately preceding 
the development of the tachycardia. The 
increase 1n heart rate varied from 16 to $3 
per minute, with an average increase of 29 
beats per minute. 
Arrest. 

rest was precipitated on 2 occasions, 


at diodrast injection. 


\ctual transient sinus ar 
both 


DIODRAST | 
ECG INJECTION | 
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Ventricular Asystole. Transient ventricu- 
lar asystole occurred in 2 patients, both of 
whom showed a pre-examination rhythm 
of atrial fibrillation. 

Conduction Disturbances. The 


produced by 


conduc- 
tion disturbances cardiac 
ventriculography are presented in Table 
nt. These occurred with ventricular punc 
ture on § occasions. All were temporary, and 
spontaneous resumption of normal con- 
duction followed. Similar arrhythmias were 


observed in 7 patients simultaneously with 
the diodrast injec tion. These were revers! 
ble except for no. 43 Table 1) 
In this case there was inadvertent injec 


One Case 


tion of some of the diodrast into the upper 
portion of the interventricular septum, and 
when the diodrast was injected ventricular 
asvstole occurred, persisting tor 6.5 SecCc- 
onds. During this interval, the P waves 
were present at the rate of 130 per minute. 
Complete atrioventricular dissociation fol- 
ventricular rate of 37 per 
to 2 block 
developed, tollow ed Ly \\ enckebach’s phe- 
nomenon. Complete heart block recurred 


lowed, with a 
minute. Shortly thereafter, a 3 


and has persisted for four months to the 
time of the present report. One patient de 
veloped atrioventricular dissociation in the 
postinjection period, but this was a tem 
porary arrhythmia. 

changes OC 


NST segment and JT wave 


curred in 3 cases. The ST segment eleva 
tion was observed at ventricular puncture 
In one patient, and this change persisted 
through the time of diodrast injection and 
for a short period thereafter. In the post 
injection period, ’ 7’ segment elevation oc 
curred in one examination. T wave changes 
were absent in this case. In a third patient, 
ST segment depression and T wave inver 
sion were observed in the postinjection pe- 
riod. These changes were transitory and, 
in the latter case, Mav represent relatiy € 
mvocardial anoxemia. 


QUALITY OF EXAMINATION 


Phe examination was considered to be a 
“tanlure’”’ if satistactory opacification ot the 
designated ventricle Was not obtained. On 
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CONDUCTION DISTURBANCES INCIDENT TO 
CARDIAC VENTRICULOGRAPHY 
Incident to Ventricular Puncture 
Fusion beats; A-V conduction disturbance 
A-V dissociation 
Right bundle branch block; delaved intraventricular 
conduction 
Nodal escape, 1-beat; wandering pacemaker 
Nodal escape, 1-beat 


Incident to Diodrast Injection 
Changing aberrant conduction through bundle 
Right bundle branch block 
Second degree heart block 
Nodal rhythm; first degree heart block 
Ventricular escape—1 beat; nodal rhythm 
; to 2 block; Wenckebach’s phenomenon; complete 
heart block 
Nodal escape, 1-beat 
Du ing 
A_V dissociation 


Po linjection Pe riod 


this basis, of the total of 77 examinations 
we classified (see Table I). 
Causative factors considered incident to 
these failures were: Unintentional injec- 


3 as failures 


tion of the wrong ventricle in 4 examina- 
tions, in 2 of which there was partial intra- 
MV O¢ ardial injection; needle tip too high in 
the outflow tract of the ventricle for satis- 
factory opacification in 3; intramyocardial 
intrapericardial injection in 3; 
syringe breakage with resultant delivery of 
an inadequate amount of diodrast to 
opacify the ventricle in one; failure of seri- 
ographic equipment during one examina- 
tion, and improper positioning for satisfac- 
tory filming of one patient. 

Excluding the 13 failures, the quality of 
the contrast opacification of the ventricle 
was adjudged to be excellent in 32 examina- 


and or 


tions; good in 21; fair in 7, and poor in 4 of 
the series. 

The classification “poor” was applied to 
those studies in which, while the ventricle 
Was opacified, the degree of contrast with 
the remainder of the heart was low. Classi- 
fication of “poor” was tor the following rea- 
sons: Needle tip too high in outflow tract 


ii 
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of ventricle; inadvertent partial intramyo- 
cardial injection; syringe breakage result- 
ing in delivery of only 10 cc. of diodrast, 
and the fourth patient was of unusually 
large size habitus. 

All of the examinations, including those 
classified as fair and poor but excluding the 
failures, provided information which we 
considered to be sufhicient for our purposes, 
even though the films of the fair and poor 
groups were not of good contrast quality. 


REACTIONS AND COMPLICATIONS 


The reactions to cardiac ventriculogra- 
phy, in our experience, are quite similar to 
those occurring with angiocardiography, 
except that for /e/f ventriculography they 
usually pronounced. 
The subjective sense of heat and the flush- 
ing are more profound but have not, in ou 
experience, been of alarming degree. The 
rather frequent occurrence of a short period 
of bradycardia concurrent with diodrast 
injection, and_ the 
tachycardia have been prey iously noted 
but produce no subjective symptoms. Oc 
casionally, nausea and, infrequently, vomit 
ing have been observed, as with angiocardt 


are somewhat more 


ography. We have noted the occurrence ot 


slight to moderately severe headache in 


somewhat less than half of our series of 


patients. 

Right ventriculography 
about the same intensity of 
angiocardiography. 

Excluding the patients who have had an 
Inadvertent intramyocardial 
there has been no compl: unt of 


has produced 


reac tion as 


injection, 

ubsternal 
or chest pain, except for a few inicio who 
gave evidence of distress of a nature which 
we considered to be due to hemopericar 
dium. 

There have been no known instances ot 
pneumothorax in our series. 

Excluding the with inadvertent 
intramyocardial injection of diodrast, we 
have had but one patient who exhibited 
serious shock. This patient had a successtul 
left ventriculography and experienced no 
discomfort until approximately ten min 


Cases 


Musser and H. 


following peri of 


D. Lykens 
utes following injection, at which time he 
rather precipitately went into a state of 
severe shock, requiring oxygen administra- 
tion and 5 per cent glucose venaclysis with 
levophed. This shock-like state persisting 
for twelve hours was followed by complete 
It is our belief that this patient 
exhibited a true anaphylactic reaction to 
the diodrast. His routine intradermal dio 
drast test however, 

Cardiac 
patients following 
phy. The time lapse 
ulographic study and surgery was one day 


recovery. 


negative. 
was performed on 


was 
surgery 
cardiac ventriculogra- 
between ventric- 
for 4 patients, two to four di vs for g pa- 
i five to eight davs tor 
and nine to thirteen days tor 


7 patients, 
patients, 
There was a twenty-day interval between 
ventriculography and surgery in one pa 
tient. 

At the time of cardiac surgery, note was 
made of the occurrence of any bloody intra- 
pericardial fluid. 
strated an 
bloody fluid, 
and one had an estimated 3 
tient exhibited about 4 cc. of 
fluid in the pericardial sac, but had had a 
left heart catheterization study 
left atrial needle puncture four days subse 
quent to left cardiac ventriculography, 
six days prior to surgery. 


Kleven patients demon 
estimated to: 7 ce. of 
two had trom | to 2 Ce. 
c. One pa 
bloody 


Involving 


and 
The remainder of 
the operated patients show ed no evidence 
of bloody fluid within the pericardium. Two 
patients exhibited some ecchy mosis of the 
pericardial fat pad. 

In the entire series of 77 cardiac ventri 
ulographies, no clinical evidence of per 
cardial tamponade was encountered. Of 
patients had 
through the left hemithorax and in 


those who cardiac surger\ 
whom 
the pericardium Was opened to permit sa 
direct Inspection of the surtace of the hear 
at the site of MmvVvoc irdial needle sta, 
one patient presented an area, 
mately 4.0 cm. 


and 


ap proxi 


in diameter, of ecchymosis 


brownish discoloration of 


the myocardium. The other patients hay 
ing such exploration presented no. visible 
external of mvocardial 


evidence trauma. 
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There has been no known instance of 
needle laceration of a coronary artery or 
coronary branch vessel in this series. 

Intramyocardial injection of diodrast 
accidentally occurred in 8 examinations. 
In one of these there was combined intra- 
myocardial and intrapericardial infiltration 
of the entire dosage of Or ees of diodrast. 
This patient’s electrocardiogram (lead 1) 
frequent ventricular premature 
beats at diodrast injection, with a return 
to normal rhythm in the immediate post- 
injection period. The patient experienced 
slight pain but displaved no shock symp- 
toms. 

All of the other 7 
some portion of the injected opaque sub- 
stance within the ventricular cavity. In 2 


showed 


cases show ed at least 


of these the amount of diodrast in the myo- 
cardium Neither of 
these patients experienced either pain or 


was very minimal. 
shock. The electrocardiographic observa- 
tions were almost identical in these 2 cases, 
there being a 6-beat and 7-beat ventricular 
tachycardia, respectively, and occasional 
coupling at diodrast injection with prompt 
return to normal rhythm in the immediate 
postinjection period. 

our patients had a moderate amount of 
diodrast injected into the myocardium. 
The first of these 4 experienced mild pain 
and mild shock. At injection, there was a 
g-beat ventricular tachycardia and a short 
run of ventricular flutter, with postinjec- 
tion electrocardiographic record showing 
frequent coupling. The second patient had 
substernal pain and shock which persisted 
for twenty-four hours, after which there 
was recovery. On needle puncture, atrio- 
ventricular dissociation was recorded and 
this continued through the injection period. 


Postinjection electrocardiogram showed ST 


segment elevation. The third patient had 
slight pain but no shock. The electrocard1- 
ogram right bundle branch 
block and delayed intraventricular conduc- 
tion on needle puncture, and at injection a 
changing aberrant conduction through the 
bundle. Immediately postinjection, an atri- 
loventricular 


recorded a 


diss mm was rece yrded. 
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This changed to an upper nodal rhythm in 
fifteen minutes. Normal sinus rhythm was 
recorded twenty-four hours later. The im- 
mediate postinjection electrocardiogram of 
this patient is shown in Figure 16. Surgery 
directed toward correction of mitral and 
aortic stenosis (mitral and aortic commis- 
surotomies) two days later revealed no 
gross evidence of myocardial damage. The 
diodrast infiltrating the posterior wall of 
the left ventricle is seen in Figure 17. 

The fourth patient, who exhibited some 
palpitation but no pain or shock, presented 
electrocardiographic evidence of coupling, 
changing to a bigeminal rhythm, at needle 
puncture. At diodrast injection, this 
changed to a supraventricular tachycardia 
with aberrant conduction and a right 
bundle branch block. These electrocardi- 
ographic changes persisted through the im- 
mediate postinjection period. 

We have encountered one serious com- 
plication among the 8 cases of accidental 
intramyocardial injection. This patient, 
who had had clinical evidence of mitral 
valvular insufficiency, experienced neither 
pain nor shock as a result of the procedure. 
The electrocardiographic recording, how- 
ever, revealed the development of com- 
plete heart block simultaneous with the 
diodrast injection. Figure 18 reveals a fair- 
sized globule of diodrast high in the inter- 
ventricular septum. This complete heart 
block has persisted and is now of four 
months’ duration. During this period, the 
heart size has increased, and it is our belief 
that the existing mitral insufficiency has 
been aggravated by the mechanical inef- 
ficiency resulting from the complete heart 
block. 

All of the occasions of intramyocardial 
and, or intrapericardial infiltration of dio- 
drast occurred among the first 47 cardiac 
ventriculographies, and we have experi- 
enced no frank infiltration complications 
among the last 30 examinations. We be- 
lieve that we have been able recently to 
avert the complication of infiltration by 
meticulous attention to the following points 
of technique: 
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Kic. 16. Case H. B. Electrocardiographic tracing. EK lectrocardiographic changes mm diately tollow ny in 
advertent intramyocardial diodrast injection (partial). Patient experienced slight pain but no shock. 
Atrioventricular dissociation immediately following diodrast injection. (This changed toupp:rnodal rhythm 
in fifteen minutes. Normal sinus rhythm re-established within twenty-four hours.) See Figure 17 for film 

representation of intramyocardial injection. Surgery for mitral and aortic stenosis (mitral and aortic com 


missuortomies) two days later revealed no gross evidence of myocardial damag 

1. diming of Needle. Our objective is to termination of these points and the direc 
locate the needle tip (for left ventricular tion of needle insertion are materially 
puncture) approximately half-way between aided by careful inspection of the initial 
the mitral valve and the apex of the heart. scout film with its series of lead numbers tn 
For the right ventricle, our objective is the the line of the long axis of the ventricle 
center of the right ventricular cavity. De see Section on Roentgenographic VTech 


Fic. ie F Case H.B. Inadvertent intramvocardial In ic. Id. Case R. H. Inadvertent diodrast infiltration 
jection (partial). Patient experienced slight pain into interventricular septum. Fair-sized globule of 
but no shock. Diodrast infiltration posterior wal diodrast seen high in interventricular septum. Pa 


] 


of left ventricle. (See Figure 16 for electrocardio tient developed complete heart block, persisting to 
graphic changes.) present (four months). 
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nique). It is our belief, particularly in view 
of the experience with the case of infiltra- 
tion of the septum and the development of 
heart block, that 1t 1s wiser to err on the 
side of low position of the needle point 
rather than of a position related to the 
upper portion ot the septum. 

Adjustme WL Of the Needle Pornt. The 
maneuver of gradual withdrawal of the 
needle, after first obtaining a ventricular 
pressure tracing, until the pressure tracing 
becomes damped Sée Section on Tech- 
nique of Ventricular Puncture and Injec- 
tion) and then re-advancement of the 
needle 0.5 cm., or until a good ventricular 
pressure wave is recorded, is important in 
avoiding septal or ventricular wall infiltra- 
tion. 

3. Patient Breathing. 
hended instructions are given to the patient 
to the effect that he must avoid taking a 
deep breath during the entire puncture and 
injection procedure. We believe that lack of 
careful and comprehensive instruction and 


lully-compre- 


or nonobservance of the detail of shallow 
breathing were responsible for at least sev 
eral of our infiltration complications. 

4. Non-Motion of Needle or Patient. 
Further positioning or moving of the pa 
tient after intracardiac insertion of the 
needle must be strictly avoided. By the 
same token, no inadvertent movement of 
the needle should be permitted. 

If there ts any question as to the strict 
adherence to the foregoing points of tech- 
nique, or if a completely ‘‘undamped” 
pressure Wave pattern is not obtained, the 
needle should be withdrawn or re-manipu 
lated. 


CON TRAINDICATIONS TO CARDIAC 
VENTRICULOGRAPHY 


Our experience has not, in our opinion, 


been sufficiently extensi\ to justify pe sitive 


conclusions regarding contraindications to 
the procedure. We do not, at this time, be 
lieve that chronic atrial fibrillation or flut- 
ter contraindicates cardiac ventriculogra- 
phy. However, atrial fibrillation with a 
poorly controlled ventricular rate or par- 


Cardiac Ventriculography 


oxysmal atrial tachycardia would seem, in 
our opinion, to be contraindicative. 

Atrial tachycardia due to vagal release 
from atropine administration is, we believe, 
another contraindication. 

Ventricular tachycardia, either spon- 
taneous or induced by medication, is also 
considered by us as a contraindication to 
cardiac ventriculography. 

We do not consider pre-examination oc- 
currence of ventricular premature beats as 
contraindicative. 

We have not employ ed cardiac ventric- 
ulography in children or infants, and would 
be extremely reluctant to do so, as we be- 
lieve the possibility of intramyocardial 
injection of the opaque medium is of con- 
siderably greater likelihood with a small- 
sized ventricular cavity. 

SUMMARY 

The term “cardiac ventriculography” 
is employed in this presentation to desig- 
nate a procedure of direct transthoracic 
needle puncture of the heart for the pur- 
pose of effecting opacification of the left or 
right ventricle. 

The application of direct ventricular 
opacification to the study of certain path- 
ologic states of the ventricles, the atrio- 
ventricular valves and the thoracic aorta 
is discussed. 

3. An analysis of an experience with 77 
cardiac ventriculographies performed in 60 
patients 1s presented. 

The details of roentgenologic tech- 
nique, ventricular puncture, pressure and 
electrocardiographic monitoring, and 
opaque medium injection are discussed. 

The intracardiac pressures observed 
and the electrocardiographic changes inci- 
dent to the procedure are presented. 

The reactions to the procedure, the 
occurrence of inadvertent intramyocardial 
and intrapericardial .infiltration of the 
opaque substance in 8 patients, are re- 
por ted as is our appro: ich to the avoidance 
of these complications. 

An evaluation of the quality of the 
cardiac ventriculographies based upon the 
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degree ot contrast visualization of the ven 


tricle 1s tabulated. 


8. Possible contraindications to cardiac 
ventriculography on the basis of our ex 


perience with this series are suggested. 
J. Stautter Lehman, M.D. 
Department of Radiology 

The Hahnemann Medical College and 
230 North Broad Street 

Philadelphia 2, Pennsylvania 
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We are indebted to Dr. Harry Go'dbe 
the Brith Sholom  Cardio-pulmonary 
search Laboratory of Hal 


the detailed analysis ot Creccri cardio 


tracings. 
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THE VALUE OF FAST ANGIOCARDIOGRAPHY IN THE 
EARLY DIAGNOSIS OF PATENT DUCTUS 
ARTERIOSUS* 


By J. LIND, M.D., M. ROCHA, M.D.. and C. WEGELIUS, M.D. 


STOCKHOLM, SWEDEN 


HE problem of diagnosis of patent 
ductus arteriosus is intimately con- 
nected with the surgical treatment since 
most cardiologists and heart surgeons agree 
that an uncomplicated patent ductus ar- 
teriosus 1s an indication for surgery.7?43 
The surgical problem of patent ductus 
arteriosus IS a question of early diagnosis. 
In 1944, Cratoord, fF @i.,' stated that pat- 
ent ductus arteriosus should be surgically 
corrected in early childhood but that one 
should wait if possible until the child had 
passed its third birthday. In recent years 
some investigators have recommended sur- 
gical correction in still younger subjects in 
SEVEFEe Cases, because in so many instances 
of isolated patent ductus arteriosus, death 
may occur in infancy due to the mal- 
formation® and because of the low inet- 
dence of spontaneous closure of a patho- 
logically patent ductus." 

The incidence of death in patent ductus 
arteriosus in infancy has been recorded to 
be as high as 2¢ per cent in some series. 
This is, however, a difficult fact to estab 
lish since pathologists usually consider the 
condition a normal finding in infancy re- 
gardless of its size in relation to the aorta.” 
Many cases have been successfully oper- 
ated upon betore one vear of age and in 
some of these surgery has been considered 

In intants and young children the clinical 
diagnosis, how ever, is otten dithcult to es 
The usual clinical findings 

thrill, accentuated pulmonary second 
sound, high pulse pressure, peripheral vas- 
cular manifestations, palor, stunting of 
growth, etc. are missing 1n a rather large 


percentage of cases. Even the most im- 


From the Pediatric Clinic of the Caroline Institute (Head: Prof 


Laboratory, Stockholm, Sweden 


portant clinical sign, the continuous mur- 
mur may be absent and if a murmur is 
present, it may be short and _systolic,! 
probably due to the special pressure distri- 
bution in the aorta and pulmonary artery 
during the first years of life. Not until after 
the diastolic pressure in the systemic cir- 
culation has become higher than in the 
pulmonary circulation does the machinery 
murmur develop. 

The diagnosis of patency of the ductus 
arteriosus in the absence of a continuous 
murmur is still more difficult. Twenty-four 
patients suspected of having a patent duc- 
tus arteriosus without the continuous mur- 
mur have recently been reported by Dam- 
mann and Sell.’ Nineteen of the patients 
were under five years of age. The examina- 
tion included roentgenoscopy, roentgenog- 
raphy, electrocardiography, and in 17 cases 
cardiac catheterization. Only 15 of the 24 
patients were proved to have a patent duc- 
tus arteriosus. Two patients had aortic 
septal defects and 7 were diagnosed at sur- 
gery as having either high ventricular sep- 
tal defects or Eisenmenger’s complex. The 
cardiac catheterization proved of real aid 
in the diagnosis but was not infallible. The 
authors conclude by stressing the need for 
more accurate diagnosis. The 13 patients 
with patent ductus arteriosus who  sur- 
vived surgery were greatly benefited. Those 
in heart failure improved rapidly and all 
are leading normal active lives. 

The importance of establishing the diag- 
nosis at an early age is stressed by several 
authors. In Ekstrém’s® clinical study of 
290 cases of open ductus arteriosus, the 
diagnosis of congenital heart disease was 
made in 28 per cent during the first year. 


\. Wallgren) and the Wenner-Gren Cardiovascular Research 
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The methods of ate a in these 2go 
cases included auscultation, 
the machinery murmur, in 9f§ per cent and 
in the remaining § per cent heart catheteri- 
zation, thoracic aortography and explora- 
tory thoracotomy. Intravenous angiocardi- 
ography is not mentioned. This is rather 
surprising since angiocardiography may be 


of value in the preoperative assessment of 


a patent ductus arteriosus by helping to 

rule out associated congenital defects. 
Retrograde aortography opened a new 

field in the diagnosis of patent ductus ar- 


teriosus, permitting direct demonstration of 


the open ductus (Castellanos, 1939; Jonsson 
and 1948"). In adults and 
young children the technique is unfortu- 
nately quite difficult, but it is possible—as 
Keith? has shown—to carry it out in in- 
fants with excellent results. An artery 
must, however, be sacrificed. 

A limitation of the method is that it 
cannot full information about the 
presence of other congenital 
malformations of the heart, so necessary in 
assessing the operability of the actual case. 
The following table of Boesen and Wendel,’ 
illustrates the poor prognosis of some com- 
mon congenital malformations (Table 1). 
It answers the question of whether the co- 


co-workers, 


give 
associated 


Rocha and C. Wegelius 


r recording of 


Y, 1957 
existence of septal defects worsens the 
prognosis 1n cases of patent ductus arterio- 
sus and it also brings out the necessity of 
early operation. 

Intravenous angiocardiography, when 
carried out with precision, is a very val- 
uable method, which can be used success. 
fully in those infants who have manifest 
heart (enlarged heart, dyspnea, 
peripheral edema) and in shits the diag- 
nosis 1s not obvious after employing the 


disease 


routine methods of examination. 


INTRAVENOUS ANGIOCARDIOGRAPHY 


In the presence of a patent ductus, blood 
is shunted from the aorta into the pul- 
monary artery and it was therefore antici- 
pated that by intravenous angiocardiog- 
raphy the ductus itself might be visualized 
by contrast medium passing into the pul- 
monary artery from the aorta. This expecta- 
tion, has not been realized,'® ex- 
cept in occasional cases. 


however, 
The ductus has a 
hidden position and is therefore dithcult to 
observe. 


The routine use of two simultaneous pro- 


jections increases the possibility of demon- 


strating the patent ductus arteriosus which 
according to our experience, 1S best visual- 
ized in the lett anterior oblique position. 


TAaBLe | 


AGE DISTRIBUTION FROM 
DISI 
{(BOESEN 


Total 


Numbe r 


Patent Foramen Ovale (P. F. O.) (with 
symptoms of congenital heart disease) 6 
Atrial Septal Defect (A. S. D.) Is 
Ventricular Septal Defect (V. S. D.) 46 
Patent Ductus Arteriosus (P. D. A.) 17 
P.F.O.+-V.S.D. 17 
P.F.O.+P.D.A. 15 
AS.D.+V.S.D. | 
A.S.D.+P.D.A. 12 
V.S.D.+P.D.A. 12 
P.F.O.+-V.S.D.+ P.D.A. 13 


A.S.D.+V.S.D.+P.D.A. 3 


AUTOPSY MATERIAL OF SOME 


AND VENDEI 


\rYPES OF CONGENITAL HEART 


ASES IN INFANCY 


» 1953 


Number of Infants Living at an Age of 


g days  itmonth 7months year 4 vears 
13 12 § 3 
30 32 8) 
13 } } 
I ? 
} 3 I 
} 
33 
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ee The Value of Fast 

The decisive limitation of the method 
using intravenous injection is the poor con- 
centration of the contrast medium in the left 
heart and aorta, so that the open ductus in 
many cases cannot be demonstrated either 
directly or indirectly with precision. This 
‘s true in older children and adults, where 
usually the diagnosis is evident clinically.” 
In infants and younger children the opaci- 
fication of all the heart chambers and aorta 
is generally sufhcient to establish the diag- 
nosis even if the ductus itself cannot be 
seen. In a large group of these children 
with presumptive or doubtful clinical signs 
ot patent ductus arteriosus, the diagnostic 
problem has, according to our experience, 
been solved with the aid of intravenous 
angiocardi graphy 

Moreover, by using this method, es- 
pecially the direct fast angiocardiography 
with synchronous electrocardiographic re- 
cording, conclusions concerning  patho- 
physiologic function of the heart may, toa 
certain extent, be permitted. 

Roentgencinematography offers an ad- 
vanced approach to the study of the cardiac 
dynamics. The high speed of pictures per- 
mits a continuous recording of the hemo- 
dynamic events during one and the same 
cardiac cvcle. It is even possible to accu- 
rately time the occurrence of the diastolic 
shunt (Fig. 7). Bidirectional shunts can 
also be well demonstrated in cases compli- 
cated by pulmonary hypertension (Fig. 6). 

The radiation exposure of the patient is 
cut down to a permissible level by using 
image intensification. The recording on 
film implies the advantage of the combi- 
nation of both frame by frame in a movie 
scope and by repeated projections as an 
endless loop. 


DIRECT DEMONSTRATION OF THE OPEN 
DUCTUS ARTERIOSUS 


In cases of open ductus arteriosus, com- 
bined with other congenital malformations 
of the heart where the contrast medium 
does not become diluted in the lungs be 
fore it reached the aorta, there is greater 
possibility of demonstrating the open duc- 
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tus directly. Examples of this are tetralogy 
of Fallot, transposition of the great vessels, 
etc. (Fig. 1). 

It is well known that the pulmonary ar- 
terial pressure may increase to such an ex- 
tent that it exceeds the aortic pressure, 
and, consequently, blood flows through a 
patent ductus from the pulmonary artery 
to the aorta. Several such cases are pub- 
lished.2° This may happen in newborn in- 
fants as the ductus arteriosus remains 
patent during the first three to four days of 
life and there is a moderate pulmonary 
hypertension. The right ventricle is as well 
developed as the left. Normally there is a 
significant left to right shunt, but a re- 
versal sometimes takes place. We have dem- 
onstrated this fetal direction of the shunt 
in 4 newborn infants with asphyxia. A 
typical angiocardiogram of such a case is 
shown in Figure 2. In this instance the ex- 
planation of the reversal of the blood flow 
may have been atelectasis of the lungs. 


INDIRECT ROENTGENOLOGIC SIGNS OF 
PATENT DUCTUS ARTERIOSUS 

There are certain roentgenologic signs, 
called indirect or secondary signs, which 
suggest more or less strongly the presence 
of a patent ductus arteriosus. These signs 
are the result of both anatomic alterations 
and pathophysiologic disturbances. Each 
sign has a relative value and they must be 
considered together in arriving at a diag- 
nosis. All, except the first one, are depend- 
ent on the blood flow through the open 
ductus. Provided that the open ductus is 
sufficiently large, some of these indirect 
signs may be seen at roentgenoscopy and 
during routine roentgenographic examina- 
tions. They are demonstrated far more 
strikingly, however, by angiocardiography. 

The most important indirect signs of 
patent ductus arteriosus are: 

t, Aortic infundibular dilatation. 

2. Dilatation of the pulmonary artery. 

3. Elevation of the truncus—conus pul- 

monary artery and its left main 
branch. 
4. Increased pulmonary artery output. 
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Fic. 1. Direct demonstration of an open ductus arteriosus in a case of tricuspid atresia. Right (a,) and left (d;) 
anterior oblique pre yections. 


Ventricular systole. The right atrium and left ventricle are visualized, as well as the broadened aorta 


and pulmonary artery. The open ductus is clearly seen in both projections. Its existence and atypical 


course were verified at autopsy. 


Increased filling of the central pul- 
monary blood vessels. 

Dilution of the contrast medium in 
the pulmonary artery, best seen dur 
ing ventricular diastole. 

6. Prolonged circulation of the contrast 


a 


medium in the pulmonary vessels. 
>. Enlargement of the left atrium and 
ventricle. 
8. Refilling of the pulmonary artery in 
the later phase of angiocardiography. 
If a patent ductus arteriosus is compli- 
cated by pulmonary hypertension, indica 
tions of right ventricular enlargement and 
hypertrophy appear. An upturned apex ts 
seen in the anteroposterior view, and in the 
lateral view an increased contiguity of the 
surface of the heart to the thoracic wall 
occurs. The vascularity of the lungs is not 
increased, and in the periphery of the lungs 
the vessels are narrow. 
A localized dilatation of the descending 
aorta on its anterior aspect Just beyond the 


isthmus was pointed out by Steinberg, 
Grishman and and later by 
Furman.’ The altered segment varies in 
size and shape from a localized bulge to a 
uniformly dilated segment. The appear 
not pathognomonic. 
Dotter and Steinberg” found this localized 
dilatation repeatedly without evidence of 
a patent ductus arteriosus and they also 


ance, however, is 


noted its absence in pro\ ed cases of this 
disease. 

In the left anterior oblique position the 
posterior border of the left main branch 
may create the illusion of a local dilatation 
if the penetration of the roentgen rays is 
too low. But the existence of a clear in- 
fundibular dilatation of the aorta in this 
region must be considered as one of the 
strongly suggestive indirect signs furnished 
by direct angiocardiography. 

In conventional anteroposterior films 
Jonsson and Saltzman” observed a de- 
formity of the outline of the aorta charac- 
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Kic. 2. Patent ductus arteriosus with persistence of fetal type of circulation. Synchronous angiocardiograms in 
right anterior oblique (a;) and left anterior oblique (4;) projection. 


(a:) The right atrium and right ventricle are well opacified as well as the pulmonary artery and the aorta 


descendens. The patent ductus 1s seen between the two main branches of the pulmonary artery. 


(4) The right side of the heart is heavily filled with contrast material as well as the pulmonary artery 


and the aorta descendens. No medium its seen in the left side of the heart and the aorta ascendens is not 


visualized. 


teristic of the infundibulum of the ductus 
in 21 of 3g patients with a patent ductus 
arteriosus. The deformity was absent in a 
series of normal subjects similarly ex- 
amined. In a series of children studied to- 
gether with I. Ulfsparre this sign was less 
frequently seen, and, unfortunately, this 
frequency decreased further the younger 
the child. It is difficult to obtain straight 
anteroposterior exposures when dealing 
with small restless children. In addition, 
many of the smallest children may have a 
large thymus which covers the upper part 
of the aorta, thus making it impossible to 
study the requisite portion of the aortic 
shadow ° 

One of the most outstanding features in 
patent ductus arteriosus is the zucreased 
amount of blood that flows through the lungs, 
sometimes without marked hypertension 
as would be expected, due to a remarkavie 


power of dilatation of the pulmonary artery 
and its branches. This dilatation is clearly 
seen in direct serial angiocardiograms 
Fig. 3). If the amount of blood flowing 
through the open ductus is constantly 
small, roentgenographic examination will 
show no such dilatation. 

When the measurements are correlated 
with the heart phase during which the 
films were exposed, the maximum caliber of 
the pulmonary vessels is observed during 
ventricular systole. The minimum caliber 
is found near the end of the diastole, be- 
fore the systolic output has begun.?* At 
the beginning the dilatation is seen only in 
systole, but later it begomes permanent. 
The difference in caliber in diastole and 
systole (“hilar dance’’) is increased, but not 
markedly, and is generally not of the same 
degree as occurs in large atrial or ventric- 
ular septal defects with left-to-right shunts. 


a 
a a 
| 
eee 
] 
l 
| 
‘ 
) 


240 


J. Lind, M. Rocha and C. Wegelius 


FEBRUARY, 1957 


Kc. 3. Diastolic dilution of the contrast medium in the pulmonary artery in patent ductus arteriosus. Right (a,— 

as) and left (4,—44) oblique projections. 
(a,,) Starting ventricular systole. The pulmonary artery is well visualized. 

(a2b2) End of ventricular diastole. The contrast medium is highly diluted in the stem of the pulmonary 


artery, but not in the branches of the vessel. 


(4343) Following ventricular systole. The pulmonary artery is again intensely opacified. 
(ass) In the next ventricular diastole dilution of the contrast medium in the stem of the pulmonary 


artery again takes place. The pulmonary artery is diminished in width. 


This may be due to the “continuous” 
shunt from aorta to pulmonary artery, 
which is taking place during diastole as 
well as systole. In intracardiac left-to- 
right shunts the increase in the pulmonary 
flow is limited to the ventricular systole. 
The difference is demonstrated by the rela- 
tive systodiastolic size of the pulmonary 
artery found in patent ductus arteriosus 
with a large shunt. An elongation of the 
pulmonary artery can also be seen as are 
sult of the same process. 

The elevation of the pulmonary artery and 
left main branch has been demonstrated by 
Steinberg, Grishman and Sussman.‘ The 
explanation of Mouqin, Durand and Hatt®! 
that it is a result of aortic traction on the 
pulmonary artery may be correct. 

A patent ductus, like an arteriovenous 
fistula, causes short circuiting of a certain 
amount of blood. The blood shunted from 
the aorta leads to a considerably increased 
filling of the central pulmonary blood vessels 
(Fig. 3). 

The shunt from the aorta 
directly demonstrated by an evident /oss of 
contrast of the pulmonary artery, a conse 


can be in- 


quence of the dilution of the contrast me- 
dium by the blood which comes from the 
This indirect. sign, 
'S was manifest in nearly all of 
our cases and was quite obvious when using 
a rapid sequence of films which shows a 
sufhcient number of different phases dur- 
ing the same heart cycle (ig. 3 and 4). 
Observations of such phenomena as dilu- 
tion or concentration of the 
opaque medium requires a continuous se- 
quence of films, in which the entire hemo- 
dynamic mechanism ts recorded in relation 


aorta. described also 


by Goetz, 


increased 


to the cardiac Cy cle. 

During ventricular systole the contrast 
medium from the right ventricle usually 
produces a good and homogeneous opacif- 
cation of the pulmonary artery. Sometimes 
a detect in the contrast-filled pulmonary 
artery can be seen at the entrance of the 
ductus--the larger the shunt, the larger 
the defect. A rough estimation of the size 
of the shunt in relation to the output of 
the right ventricle can thus be made. In 
ventricular diastole the dilution of the con 
trast medium in the pulmonary artery is 
greater than during ventricular systole, 
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when the pulmonary valves are closed al- infancy the systemic pressure is low and the 
lowing the medium to leave the right pulmonary arterial pressure is relatively 
ventricle. It can also be noted that the high (Hamilton, et a/., 1937). With the 
dilution is greatest at the end of diastole. growth of the infant the systemic pressure 
The disappearance of the medium from rises and it has been suggested that the 
the pulmonary artery during ventricular pulmonary arterial pressure falls gradually 
diastole is typical of patent ductus arteri- during the first six to seven months of life 
osus and aortic septal defect and is not (Civinand Edwards, 1951). It has thus been 
seen in high ventricular septal defect. The thought that the blood flow at first will oc- 

y localization of the site where the dilution cur only during systole and the murmur 
is maximal may be of help in the differential will be purely systolic. When the diastolic 
diagnosis between the two conditions. When _ pressure in the aorta becomes greater than 
the shunt is small, a little filling defect is the pulmonary diastolic pressure, the blood 
seen at the site of the entrance of the ductus flow through the patent ductus will be con- 
arteriosus in the pulmonary artery. tinuous and the murmur will assume its 

” The continuous murmur associated with characteristic quality. Normally this mur- 
patency of the ductus has been thought to. mur appears at about the age of two to 
be due to a continuous flow of blood through — three years. This theory is not in accord- 

” the ductus from the aorta into the pul- ance with the findings by angiocardiogra- 
monary artery, depending upon a differ- phy insofar as a diastolic shunt can be 

. ence in the systolic and diastolic pressures present although it may not produce a 

| between the systemic and pulmonary cir- murmur—a finding which we have stated 
culations. In newborn infants and in early — several times. 

Q 

1 


Kic. 4. Dilution of the contrast medium in the pulmonary artery demonstrable during each ventricular diastole. 
+ 


Right and left (4; anterior oblique projections. 


(a\4,) Ventricular le. The pul ry artery is well lized in both projections 
entricular systole. le pulmonary artery 1S Well visualized in Oth projections. 


(4,42) nd of the following atrial systole. The medium has disappeared from the pulmonary artery. 
(a3b;) End of the ventricular systole. Together with a; it illustrates the characteristic way in which the 
right ventricle contracts. There is residual contrast medium at the base, the pulmonary conus is narrow, 
the pulmonary artery elongated and well opacified again. 
(a404 End of the following atrial systole (isometric contraction phase of the ventricle). The contrast 
medium in the pulmonary artery is again “washed out” by the blood shunted into the pulmonary artery 
‘ from the aorta during the ventricular diastole. 


| 
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An important examination of diagnostic 
as well as prognostic value is the determi- 
nation of the heart size. Systolic murmurs 
combined with increased heart volume have 
been the usual indication for angiocardiog- 
raphy in our A large heart or an 1n- 
creasing relative heart size may be an 1m- 
portant indication for operation of patent 
ductus arteriosus in infants. The size of the 
heart is most accurately estimated by a 
volumetric method which is simple and re- 
quires little time. Nomograms for calcula- 
tion of the actual heart volume as well as 
for predicted heart volume and comparison 
with values from normal infants are avail- 
able. The widely cardiothoracic 
ratio is unreliable. It involves a systematic 
error which may either accentuate or miti- 
gate the pathologic tendency.” 


Cases. 


used 


More important than determination of 


the over-all heart size may be the determi 

nation of the size of a single chamber, the 
left atrium and ventricle especially, as 
neither the roentgenologic criteria nor the 
electrocardiographic findings are quite ac- 
curate for detection of left neal hy 

pertrophy in this age group.! 

The left heart must, when 7” peripheral 
circulation 1s constant, increase its stroke 
volume with the quantity of blood shunted 
into the pulmonary artery. By angiocardi- 


ography, enlargement of the left atrium and 


ventricle 1s directly shown. Due to the 
rounded form of the left atrium it is pos- 
sible to estimate its volume by using two 
projections synchronously. Because of the 
great variations in size during the heart 
cycle, it is necessary to know in which heart 
phase the roentgenograms are taken in or- 
der to evaluate the atrial volume. The left 
atrium is enlarged only in cases in which 
there is fairly marked pulmonary vascular 
congestion. When hypertrophied, the left 
ventricle i is covered by the right ventricle 
in a “peel-like” fashion seen in the left 
anterior oblique view, and best seen when 
the right ventricle is filled with contrast in 
diastole. The increased thickness of the wall 
of the left ventricle is directly seen in this 
projection. Here, too, the determination of 
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of the heart phase for each exposure from 
the with 
automatic exposure marking facilitates the 
evaluation of variations in hypertrophy, 
Prolonged or renewed visualization of the 
pulmonary artery has been expected in all 
cases but has not been found to be a reli- 
able sign. By employing a fast injection 
technique, the right and left side of the 
heart are normally seen opacified succes- 
sively, 7.¢., the right side of the heart and 
the pulmonary artery are empty of contrast 
medium when the concentration of the 
medium is highest in the aorta. A draw- 
back is that when the opacity has reached 
its maximum in the aorta there may still 
be some contrast medium left in the pul- 
monary vessels also in normal cases, and a 


synchronous electrocardiogram 


prolonged or renewed visualization of the 
pulmonary artery is dificult to distinguish. 
In many cases of patent ductus arteriosus 
we have found some delay in the time or 
clearance of the right side of the heart. In 
infants and children the 
tration of contrast medium in the left heart 
is, on the other hand, generally satisfactory 

produce a demonstrable shunt of the 
medium. Roentgenography in two projec- 


concen- 


tions simult: ineousl\ enables one to judge 
whether only the pulmonary artery remains 
opacified, whether it is revisualized sepa- 
rately or whether contrast medium at the 
same time is seen also in the right ventricle. 
By using a rapid sequence of films, it 1s 
further possible to register whether the 
concentration of the medium in the pul- 
monary artery 
the normal way or whether the opacification 
is apparently prolonged, or if it even in- 
creases at all. Depending on the size of the 
shunt during the cardiac the re- 
opacification is sometimes more evident in 


diminishes successively in 


C\ cle, 


ventricular S\ stole, sometimes diastole 
(Fig. 
SELECTIVE ANGIOCARDIOGRAPHY 


\s heart catheterization 1s more and 
more commonly used, 
velopment of the technique to inject the 


contrast medium through a catheter as 


it was a logical de- 


n 
a 
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Fic. §. Systolic revisualization of the pulmonary artery in a case of patent ductus arteriosus. Left anterior oblique 


pre jection. 
(d,) End rial le. The | rium, ventricl 1 aor st filled. Much medi is in the 
nd of atrial systole. [he left atrium, ventricle and aorta are contrast niled. uch medium Is 1n the 
main branches and ramifications of the pulmonary artery, but no medium ts seen in the main stem. 
(4) End of the following ventricular systole. The left atrium is well filled. The ventricle is nearly empty. 
The main stem of the pulmonary artery is clearly seen and the concentration of the contrast medium has 


increased also in the branches of this vessel. ° 


(4;) Beginning of atrial systole. There is still contrast medium in the main stem of the pulmonary artery, 
but definitely less than in ds. 
(4s) During the following ventricular systole the pulmonary artery reappears distinctly. 
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close to the area involved as_ possible 
(J6nsson, 1949). For the anatomic study 
much can be gained by not having other 
heart cavities or vessels simultaneously 
filled, thus perhaps projecting over and 
possibly masking the findings desired. The 
decision as to where the contrast medium 


should be injected is based on the results of 


the heart catheterization. 
If the catheter passes through the ductus 


6. arteriosus. 


Patent ductus 
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arteriosus, the contrast medium can _ be 
injected into the aorta with the tip of the 
catheter at the level of the entrance of the 
ductus arteriosus. In order to obtain opti- 
mal filling of the ductus, Kyellberg, et al. 
(1955) recommend that injection be made 
during withdrawal of the catheter from the 
aorta into the pulmonary artery. 

with a ventricular 
a pulmonary valvular 


In cases associated 
septal defect or 


Cineroentgenography with image intensification. Rate of exposures, 50 per 


second. (Selected pictures from a sequence, time related to the heart phase by electrocardiographic mark 
ings.) Anteroposterior projection. Contrast injection into the left pulmonary artery. 


(4,) Contrast filling of left pulmonary artery. Immediate passage of some contrast medium into the 


descending aorta. 


(42) One fiftieth of a second later the contrast medium is more dense but has not proceed 


the pulmonary artery or in the aorta. 


(43) Synchronously with starting ventricular systole, the 


ed either in 


small branches of the pulmonary artery fill 


with opaque material which also is seen to have moved downwards into the aorta. 


(4,) Later in the same systole the small branches of the pulmonary artery are also seen. 


A A | A 


per 
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Nic. 7. Patent ductus arteriosus. Left to right shunt. Cineroentgenography with image intensification. Rate or 


exposures, §O per Ss cond. Left anterior oblique projection. Contrast injection into the left pulmonary 


artery. 


(4,-b,) Series of pictures showing the successively increasing diastolic dilution of the contrast medium 


in the pulmonary artery. 


stenosis, the contrast medium may prefer 
ably be injected into the right ventricle 
with the purpose to outline the anatomy 
of the complicating malformation. 

If the injection of contrast medium ts 
made into the pulmonary artery, it will 
reach the left side of the heart less diluted 
than if the injection is made intravenously. 
The reopacification of the pulmonary 
artery is thus more. strikingly demon- 
strated. On the other hand, the diastolic 
dilution of the contrast medium in the pul- 
monary artery appears less regularly, due 
to the disturbance of the hemodynamic 
conditions following the rapid injection. 


Sometimes, it 1S, theretore, possible to dem- 
onstrate the ductus arteriosus directly. A 
rapid injection of the contrast medium may 
cause a rise in pressure and reverse a left to 
right shunt during ventricular diastole. 
During ventricular systole, the direction of 
the shunt is again, however, from left to 
right. (Fig. 6). Conclusions concerning the 
direction of the shunt normally must, thert- 
fore, be drawn with great caution. 


DISCUSSION 


In view of the desirability, on the one 
hand, of being able to establish the diag- 
nosis of patent ductus arteriosus at an early 
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stage for surgical consideration and, on the 
other hand, because of the technical dif- 
ficulties in obtaining a satisfactory direct 
anatomic visualization of the patent ductus 
in infants, every additional aid is neces- 
sary when this malformation is suspected. 
Among roentgenologic facilities at 
disposal, one may include intravenous fast 
angiocardiography with rapid sequence ex- 


our 


posures which permits the addition of 


numerous valuable indirect signs of patho- 
physiologic nature to the currently used 


direct signs of anatomic visualization of 


this important malformation. By following 
such procedure it is possible to co-ordinate 
hemodynamic observations with morpho 
logic data, thereby considerably enriching 
our possibilities in accurate roentgenologic 
diagnosis. 


SUMMARY 


After emphasizing the importance of an 
early diagnosis for surgical consideration 
in cases of patent ductus arteriosus, the 
angiocardiographic possibilities at our dis- 
posal are discussed. The indirect roentgeno- 
logic signs, mainly of a functional nature, 
play an important role in infants because 
of the technical difficulties in obtaining a 
direct visualization of the patent ductus 
arteriosus. When such indirect signs are 
present, a correct diagnosis may be estab 
lished roentgenologically even in such in 
stances in which the lesion cannot be vis 
ualized anatomically. The technique to be 
used demands a rapid exposure of three to 
four pairs of films synchronously in two 
planes per heart cycle, with simultaneous 
electrocardiographic registration and auto 
matic exposure marking. 

Carl Wegelius, M.D. 
Norrtulls Hospital 
Stockholm 23, Sweden 
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ROENTGENOLOGIC ASPECTS OF THE 
EISENMENGER COMPLEX* 


By CARL L. 


BNOTHER, M.D., and HERBERT L. 


ABRAMS, M.D. 


SAN FRANCISCO, CALIFORNIA 


Eisenmenger complex is one of the 
less common congenital heart malfor- 
mations which may 
though attempts at its surgical ameliora- 
tion have been made,” it remains an 
inoperable condition, in contrast to some 
of the other congenital anomalies. In view 
of the increasing importance of exact diag- 
nosis in congenital heart disease, it was felt 
that a careful roentgenologic analysis of a 
group of proved cases of the Eisenmenger 
complex might be rewarding. This paper 
will summarize existing pathologic and 


cause cyanosis. Al- 


physiologic concepts, briefly describe the 
clinical data, and analyze the roentgeno- 
logic findings in the Eisenmenger complex, 
with emphasis on the roentgen appearance 
of the pulmonary vessels. 


DEFINITION 


Although Dalrymple” first described this 
anomaly in 1847 and Eisenmenger'* re- 
ported and illustrated a case in detail in 
1897, it Abbott and 
emphasized the distinction between the 
Eisenmenger complex and uncomplicated 
detects of the membranous ventricular 
septum many years later. Both Eisenmen 
ger and Abbott considered a ventricular 
septal defect, aortic overriding, a dilated 
pulmonary artery and deformed 
cusps the main features of this malforma 
tion. Taussig,* elaborating on the clini- 
cal features in 1947, emphasized the pres 
ence of abnormalities in the pulmonary 


was Dawson! who 


ac 


vessels. 

Selzer and Laqueur*’ analyzed the litera- 
ture and a number of personal cases 1n 1951. 
Their summary of modern concepts signifi- 
cantly broadened the definition. Thus, in 
discussing overriding of the aorta, they 
pointed out that this might be marked, 
minimal, or even absent; the important 


* From the Departments of Medicine and Radiolog 


ry, Stanford University School of Me licine, 


feature was the presence of arterial anox- 
emia as evidence that venous blood Was 
entering the aorta. They stressed the im- 
portance of pulmonary hypertension in 
determining the direction of blood flow 
through a ventricular septal defect. In 
brief, they suggested that increased resist- 
ance to flow through the pulmonary cir- 
culation the Eisenmenger 
complex from the uncomplicated ventric- 
ular septal detect, and that in all defects 
of the membranous septum the potentiality 
exists for right ventricular blood to enter 
the aorta directly. The realization of this 
potential depends on existing pressure re- 
lationships and the the defect, 
as well as on the degree of aortic over- 
riding. 

Thus, the definition of the Eisenmenger 
complex, as used in this paper, embodies 


distinguishes 


size ot 


both anatomic and physiologic components: 
a large ventricular septal detect with aortic 
overriding of variable degree, Increased 
pulmonary vascular and con- 
sequent pulmonary hypertension, and a 
shunt of right ventricular blood into the 
aorta. 


resistance 


METHODS AND MATERIAL 


During the past four years we have per- 
formed roentgenologic studies on 12 pa- 
tients with the Eisenmenger complex. All 
cases have had cardiac catheterization, with 
intracardiac and pulmonary arterial pres- 
sure measurements using a Hamilton man- 
ometer, and oxygen saturation studies. The 
physiologic criteria for diagnosis were the 
presence of pulmonary and right ventricu- 
lar hypertension, absence of pulmonic ste- 
nosis, evidence of a ventricular septal defect, 
and demonstration of a right-to-left (veno 
arterial) shunt of blood from right ventricle 
toe aorta, 
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On all patients, fluoroscopic and roent- 
genographic studies were performed, in- 
cluding posteroanterior, right anterior ob- 
lique, left anterior oblique, and left lateral 
films. Kymography was occasionally per- 
formed, but added little significant infor- 
mation. 

Over-all heart size, individual chamber 
size, main and branch pulmonary artery 
size and the aortic configuration were eval- 
uated in a review of this material. Clinical 
and physiologic data were analyzed in 
conjunction with the roentgenologic ma- 
terial. 

Clinical Data 

The age of the patients varied from four 
to thirty-four vears, with an equal sex 
distribution. In all cases cardiac or re- 
spiratory disease was suspected at birth or 
early in life because of cyanosis, poor 
growth, dithcult breathing, or the detec- 
tion of a heart murmur. Cyanosis was 
present in all but 1 case and was usually 
slight to moderate in degree. In 2 instances, 
cyanosis was noted at birth. Exertional 
dyspnea was a common complaint, and 
recurrent respiratory infections were pres- 
ent in two-thirds of the cases. Four pa- 
tients had a history of frequent severe 
bouts of pneumonia. Hemoptysis, epistaxis, 
malaise, and impaired physical develop- 
ment were also occasionally present. 

On physical examination, addition 
to cyanosis, clubbing was noted in about 
one-half of the patients. All had murmurs, 
usually systolic, but occasionally diastolic 
as well, varying in location, intensity 
quality, and radiation. Although most 
commonly heard in the fourth intercostal 
space at the left sternal border, the mur- 
murs were also heard at the apex and the 
base, and were 1n no way characteristic. 
Occasionally a classical Graham-Steell mur- 
mur was present. A thrill was rarely pal- 
pable. The second pulmonic sound was 
accentuated in all cases and described as 
“snapping” in some. In half of the cases, 
the chest cage was deformed, with marked 
forward protrusion of the left hemithorax 
due to right ventricular enlargement. 
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A review of the literature reveals rela- 
tively little variance from the clinical 
findings in this group of patients.*:%1!3-19.20 
It is of interest that a history of multiple 
pulmonary infections, which is prominent in 
our cases, has not previously been stressed. 
The absence of a “characteristic”? murmur 
conforms to other reports. Similarly, the 
generally mild to moderate degree of 
cyanosis is well established, although 
cyanosis may be present at birth,?8 as 
noted in some of our patients. 


Laboratory Data 


Slight elevation of hematocrit and red 
blood cell count was commonly found. 
The electrocardiogram showed a_ right 
ventricular hypertrophy pattern in 11 
instances and right bundle branch block in 
1. P-wave changes were noted in 4 cases 
consisting primarily of peaked, Gothic- 
type waves in leads 2 or 3. Except for a 
slightly higher incidence of P-wave altera- 
tions in our cases, the electrocardiographic 
findings are in agreement with those pre- 
viously reported. 

Physiologic Data 

Marked elevation of right ventricular 
and pulmonary artery pressure, with equal- 
ization of these pressures and the systemic 
pressure, was present in all instances. Al- 
though some patients had a small net left- 
to-right shunt and others a small net right- 
to-left shunt, the usual finding was one of 
small, mixed, bi-directional shunts. In all 
cases the presence of a ventricular septal 
detect was demonstrated either by cathe- 
terization of the defect or by increased oxy- 
gen saturation in the right ventricle as 
compared to the right atrium. All cases had 
arterial anoxemia of varying degree. The 
average arterial oxygen saturation was 84 
per cent. 


Roentgenologic Findings 
i 4 


1. Heart Size. The over-all heart size in 
the posteroanterior projection was not 
markedly increased (Fig. 1 and 2). One- 
half of the patients had no increase in trans- 
verse cardiac diameter, and the remainder, 
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Kic. 1. Eisenmenger complex. This female, 


aged twenty, had cyanosis and exertional 
dyspnea all her lite. During the year before 
admission she had hemoptysis twice. A faint 
systolic murmur was heard in the fourth 
left intercostal space, and the pulmonic 
second sound was loud. There was marked 
cyanosis and clubbing. Electrocardiogram 
showed right ventricular hypertrophy. Car 
diac catheterization demonstrated a_ pul 
monary artery pressure of 101,64 mm. Hg; 
the peripheral arterial oxygen saturation 
was 84 per cent. Small mixed shunts through 
a ventricular septal defect were present. (7) 
Posteroanterior projection. The transverse 
cardiac diameter is normal. The pulmonary 
artery segment is prominent. The hilar ves 
sels are full, and the mid zone vessels also 
seem somewhat enlarged. The peripheral 
vessels ramify irregularly and are narrow 
The aorta is normal in size. (B) Right an 
terior oblique projection demonstrates right 
ventricular and pulmonary artery enlarge 
ment. The left atrium is normal in size. 
(C) Left anterior oblique projection con 
firms the presence of right ventricular en 
largement, and the absence of left ven 
tricular enlargement. The aorta has a some 


what anterior takeoff, suggesting the possibility of overriding. 
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(C) Left 


formed by the right atrial appendage seems somewhat lengthened, suggesting r 


anterior oblique 


There 


with one exception, had only slight to mod- 
erate enlargement. In 1 case (Fig. 3), there 
was evidence of marked bi-ventricular dila- 
tation; this patient had the greatest sys- 
temic and pulmonary blood flow. No other 
correlation between over all heart size and 
pulmonary or systemic flow, pulmonary ar- 
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projection. The right ventricle 


tv 


Fic. 2. Eisenmenger complex. This female, 


aged twenty-five, developed cyanosis at the 


age of five, with progressive malaise and 
exertional dyspnea. Both cyanosis and club- 
bing were severe and a loud systolic murmur 
was heard along the left sternal border. The 
pulmonic second sound was accentuated. 
Electrocardiogram showed right ventricular 
hypertrophy. At cardiac catheterization, 
marked right ventricular and pulmonary 
hypertension were demonstrated, and the 
catheter passed readily into the aorta. Pe- 
ripheral arterial oxygen saturation was 86 
per cent. (4) Posteroanterior projection. 
There is slight cardiac enlargement, with 
prominence of the pulmonary artery seg- 
ment. Although the hilar pulmonary ar- 
teries are somewhat full, the peripheral ves- 
sels taper strikingly in contrast. (B) Right 
anterior oblique projection. Right ventric 
ular enlargement is demonstrable, and the 
huge size of the pulmonary artery may again 
be noted. The left atrium is normal in size. 
projects anteriorly, and the segment 
right atrial enlargement. 


is no evidence of left ventricular enlargement. 


tery pressure or pulmonary vascular resist- 
ance was definable. 

a. Right 
evaluated in all 4 projections, was present 
to some degree in all cases, although in only 


ventricular enlargement, as 


3 cases was it marked. No specific correla- 


tion with the physiologic data could be es- 
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Fic. 3. 
twenty-four, had a heart murmur since early child 
hood, and developed congestive heart failure one 
year before admission. She 
enlargement, and a systolic murmur and thrill 
The pulmonic second sound was loud. 


Eisenmenger complex. This female, aged 


had massive cardiac 


Electro- 
cardiogram showed incomplete right bundle 
branch block. On cardiac catheterization, marked 
pulmonary hypertension and a ventricular septal 
defect with large mixed shunts were present. Ar 
terial oxygen saturation was 86 per cent. Postero 
anterior roentgenogram cardiac 
enlargement, a huge pulmonary artery segment, 
and large hilar branches. The mid-zone and periph 
eral arteries are slightly more prominent than 
usual in the Fisenmenger complex. Note the pres 
ence of “‘Kerley’s lines” 
sulcus. 


shows massive 


at the right costophrenic 
These are probably more an indication of 


venous or lymphatic engorgement than they are of 


pulmonary hypertension per se. 


tablished. It was of interest that the 3 cases 
with the greatest right ventricular enlarge- 
ment had the lowest pulmonary artery and 
right ventricular pressures in the group. 
b. Left ventricular enlargement, best 
judged in the posteroanterior and left ante- 
rior oblique projections, was not a striking 
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feature in these cases. Slight enlargement 
was noted in 3 cases, and moderate enlarge- 
ment in 2. 

Right atrial size was best evaluated in 
the posteroanterior, right anterior oblique, 
and left anterior oblique projections. In 
two-thirds of the cases, there was sugges- 
tive evidence of right atrial enlargement. 

d. Left atrial size, as determined in the 
posteroanterior and the right anterior 
oblique projections, was normal in all but 1 
case, in which it was equivocally enlarged, 
Changes in heart size. In 2 of our 

, follow ed over a period of tour years 
(hy 19S. 4 and 5), there was a definite decrease 
in over-all heart size with incre: ising age, 
This seemed greater than the normal age 
change in thoracic configuration alone 
could particularly in I instance 
(Fig. In this case, massive cardiac en- 
ail at the age of eight months had 
significantly diminished by the age of four 
years, and has since decreased even further. 
We have previously noted massive cardiac 
enlargement and congestive heart failure in 
septi 1 detects with huge left-to-right shunts 
in infancy.* The dev elopment of increased 
vascular resistance in these cases as a means 
of diminishing flooding of the lungs, and 
the shift from a massive left-to-right shunt 
to small bi-directional shunts may well be 
accompanied by a distinct diminution in 
heart size. 

2. The Pulmonary Artery and Its 
Branches. Evaluation of the caliber of the 
pulmonary arterial a was divided into 
4 separate phi ises:? (a) the main pulmonary 
artery, the size of which was judged by the 
relative prominence of the pulmonary ar- 
tery segment of the left heart border in the 
posteroanterior and right anterior oblique 
projections; (b) the hilar or central 
branches of the pulmonary artery, repre- 
sented by the caliber of the right descend- 
ing pulmonary artery at its widest points; 

) the mid-zone branches of the right lung; 
and (d) the peripheral branches (Fig. 6). 


Cases 


The main pulmonary artery was en- 
larged in all instances and grossly dilated 
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Fic. 4. Eisenmenger complex. This male, aged thirteen, had a heart murmur and cardiac enlargement at 
birth. He sutfered frequent bouts of respiratory infection. There was slight cyanosis but no clubbing. An 
apical systolic and diastolic murmur was heard. The pulmonic second sound was loud and split. Electro- 
cardiogram showed right ventricular hypertrophy. Marked pulmonary hypertension and a ventricular 
septal defect were found on catheter study. Femoral artery oxygen saturation was 88 per cent. (4) Postero- 
anterior projection at the age of nine years. Gross cardiac enlargement is present, and there is prominence 
of the pulmonary artery segment. The left atrial appendage projects somewhat more than usual, but no 
evidence of left atrial enlargement was present in the oblique views. The hilar pulmonary arteries were 
enlarged, and the mid-lung branches were also somewhat prominent. The peripheral vessels, however, 
were small and delicate. (B) Posteroanterior projection at the age of thirteen. The marked cardiac enlarge- 
ment previously observed is no longer present, although the contours of the heart have not changed sig- 
nificantly. The disparity between the size of the central and the peripheral vessels is slightly more marked 


at this time than previously. The aorta appears hypoplastic. 


in 8 of 12 cases. Its size was usually assessed 
with ease in the posteroanterior projection, 
although in 1 case the right anterior oblique 
projection demonstrated massive enlarge- 
ment not as well seen in the frontal plane. 
[In a few instances, aneurysmal dilatation of 
the main pulmonary artery was apparent 
(Fig. 7). 

b. The central pulmonary arteries were 
also consistently enlarged (Fig. 1, 3, § and 
7), markedly so in two-thirds of the cases. 
Vigorous pulsation of the main and _ hilar 
pulmonary arteries was observed at fluoros- 
copy In most instances. 

c. The mid-zone branches were more 
prominent than normal in most cases, but 
only slightly so in some instances. On com- 
parison with cases in which large left-to- 
right shunts were present without pulmo- 


nary hypertension, the mid-zone branches 
in the Eisenmenger complex were less en- 
larged than those associated with hilar 
branches of equivalent size in the left-to- 
right shunts. 

d. Peripheral branches in all but 1 case 
were disproportionately small in relation 
to the caliber of the enlarged hilar vessels 
(Fig. 1, 2, 4, 7 and 8). In 6 cases, the 
peripheral vessels were distinctly attenu- 
ated or at the lower limits of normal size. 
The vessels appeared normal in 3 cases and 
slightly prominent in 2, but in all of these 
the ratio of the size of the central vessel to 
that of the peripheral vessels was increased. 
3. The Aorta. In three-fourths of the 
cases, the aorta appeared hypoplastic (Fig. 
2, 4, § and 7). This was true in spite of the 
fact that systemic blood flow was not re- 
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Fic. 5. Eisenmenger complex. This male, aged four, was first seen at the age of eight months because of poor 
growth, congestive heart failure, and slight cyanosis. He had gross cardiac enlargement. A systolic murmur 
was heard along the left sternal border, and the pulmonic second sound was loud. Electrocardiogram 
showed right bundle branch block. He was catheterized at the age of four years, at which time the pul 
monary artery pressure was g1/2g mm. Hg; small mixed shunts through a ventricular septal defect and 
a peripheral oxygen saturation of 79 per cent were also demonstrated. (7) Posteroanterior pre ection at 
8 months of age. There is massive cardiac enlargement, which in the oblique projections involved both the 
right and left ventricles. The hilar pulmonary arteries are full, but there is not as much peripheral engorge- 
ment as might be expected in the presence of a large left-to-right shunt. The aorta is not well visualized. 
(B) Posteroanterior, projection at 4 years of age. The heart has diminished in relative size during the inter 
val. The central pulmonary arteries are quite full, and the mid-lung branches are moderately enlarged. 
The peripheral arteries, however, are of small caliber. The oblique projections showed evidence of marked 
right ventricular enlargement, and some left ventricular enlargement as well. 


Kic. 6. Evaluation of the size of the pulmonary ar 
tery branches. The lower two-thirds of the right 
lung field were used as the basis for evaluating the 
size of the pulmonary branches. The central (or 
hilar) pulmonary artery size considered 
equivalent to the size of the right descending pul 
monary artery at its widest point, and a “‘central 
zone” was established, the lower border of which 
corresponded to the origin of the right middle lobe 
artery, and the lateral border was the lateral bor 
der of the right descending pulmonary artery. A 
“mid-zone” was arbitrarily designated as the 
upper two-thirds of the area between the lower 
border of the central zone and the diaphragm. The 
distal one-third was considered the peripheral 
zone. The lateral margin of the mid-zone was 
fixed at a point half-way between the margin of 
the central zone and the rib cage. These divisions 
allow relatively reproducible sites for inspection 
and measurement of vessel size, and comparisons 
may then be made with normal cases. All roent 
genograms were obtained in inspiration. 
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ic. 7. Eisenmenger complex. This female, aged seventeen, was first discovered to have a heart murmur at 
three years of age. She was mildly cyanotic; systolic and diastolic murmurs were heard to the left of the 
precordium, with a loud pulmonic second sound. Electrocardiogram showed right ventricular hypertrophy. 
Cardiac catheterization showed a pulmonary artery pressure of 93 56 mm. Hg, with small mixed shunts 
through a ventricular septal defect. Peripheral arterial oxygen saturation was 86 per cent. (4) Postero- 
anterior projection. The transverse cardiac diameter is normal. The main pulmonary artery is massively 
enlarged and projects prominently to the left. The hilar pulmonary arteries are also enlarged. The arterial 
branches in the mid lung are moderate in size, but there is a striking reduction in caliber of the peripheral 
vessels. This is the classical appearance of pulmonary hypertension. (B) Right anterior oblique view. Note 
the huge aneurysmal bulge of the main pulmonary artery. The barium-filled esophagus demonstrates no 
evidence of left atrial enlargement. The right ventricle projects forward somewhat more than usual, in- 


dicative of some enlargement. 


Fic. 8. Eisenmenger complex. This male, aged thirty 
one, Was cyanotic at birth, and had progressively 
increasing exertional dyspnea. Marked cyanosis 
and clubbing were present. The left chest bulged 
anteriorly. A long diastolic murmur was heard to 
the left of the sternum and the pulmonary second 
sound was loud. Electrocardiogram showed right 
ventricular hypertrophy. The pulmonary artery 
pressure of 108 64 mm. Hg exceeded the aortic 


and the aorta was 


pressure (101/58 mm. Hg), 
directly catheterized from the right ventricle 
Peripheral arterial oxygen saturation was 83 per 
cent at rest and 63 per cent on exercise. The 
posteroanterior projection demonstrates slight 
cardiac enlargement, and a prominent pulmonary 
artery segment. The aorta is right-sided and in- 
dents the esophagus from the right. The hilar pul 
monary arteries, best seen on the right, are full, 
but both the mid-lung and the peripheral arteries 
taper more sharply than might be expected from 
the size of the central vessels. 


4 
ir 
n } 
] 
d 
it 
Ae 
t 
: 
h 
4 
| 
S : 
1 i 
S 
2 
> 


256 Carl L. 


duced. Since a small aorta 1s not an ana- 


tomic characteristic of the Eisenmenger 
complex, it seems possible that enlargement 


of the main pulmonary artery may be suffi- 
ciently marked to obscure the aortic knob 
and make the aorta seem smaller than it 
really is. In 1 case a right aortic arch was 
present (Fig. 8). In 2, the aorta was some- 
what anteriorly placed in the left anterior 
oblique projection, suggesting the presence 
of overriding. 

A review of the literature indicates that 
the roentgenologic findings in the Fisen- 
menger complex have received relatively 
little attention. Taussig®? noted that en- 
largement of the main pulmonary artery 
need not occur and that confusion with the 
tetralogy of Fallot might arise under these 
circumstances. In our experience, it is only 
in infancy or early childhood that the pul- 
monary artery is not markedly enlarged. 
Certainly in adult life, the absence of defi- 
nite enlargement of the main pulmonary 
artery militates against the diagnosis of the 


Eisenmenger complex. Selzer, in a review of 


35 autopsied cases, tound “remarkable 
uniformity in the roentgenographic ap- 
pearance.” He stated that the “pulmonary 
artery shadow and that of its branches were 
usually described as prominently enlarged, 
often extreme in degree. Prominent hilar 
pulsations usually noted. ... The 
heart was almost always enlarged.’ Al- 
though others** have commented on the 


were 


roentgenologic features, the importance of 


careful analysis of the caliber of the pul- 
monary vessels, both centrally and sg 
erally, has not been adequi itely stressed. 
more recent discussion®* of pulmonary 
pertension has emphasized the relatively 
small size of the peripheral vessels by con- 
trast with the large central arteries. 


DISCUSSION 


The conventional roentgenologic sil- 
houette found in the Eisenmenger complex 
usually exhibits a striking similarity from 
case to case. Used in conjunction with the 
clinical data, a specific diagnosis can fre- 
quently be made and may be corroborated 
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at cardiac catheterization. Prior to physio- 
logic studies, 
however, be considered in the differential 
diagnosis. Even following cardiac catheter- 
ization, the diagnosis may not be estab- 
lished if the catheter fails to enter the pul- 
monary artery, the septal defect, or the 
aorta. Thus, such anomalies as atrial septal 
defect or patent ductus arteriosus with pul- 
monary hypertension may require further 
study. 

1. The Role of Angiocardiography in 
Diagnosis. Angiocardiography may be help- 
ful in infants and children or in adults when 
the diagnosis is in doubt. The pattern may 
be quite typical. Slight to moderate en- 
largement of the right atrium and right 
ventricle is usually observed (Fig. 9, 4 and 
B). The outlet of the right ventricle demon- 
strates no area of persistent 
either in the infundibular region or at the 
valve. Simultaneously with filling of the 
pulmonary artery, aortic opacification oc- 
curs (Fig. 9, C and D). Usually, but not 
invariably, the aorta is less densely opaci- 
fied than the pulmonary artery. The main 
pulmonary artery is always greatly dilated, 
as are its central branches. This dilatation 
extends into the midlung fields, but the 
vessels usually narrow significantly as they 
approz ach the per iphery Vi 

Premature aortic opacification 
lishes the presence of functional 
tomic overriding, and thus excludes some of 


a number of lesions must, 


narrowing 


estab- 
ana- 


the other anomalies usually considered in 
the differential the Eisen- 
menger complex. It permits conclusive dif- 
ferentiation from primary pulmonary hy- 
pertension. Since both the ascending and 
the descending aorta are opacified, patent 
ductus arteriosus with reverse how may be 
tuled out. The absence of early left atrial 
opacification excludes atrial septal defect 
with pulmonary hypertension. That valvu- 
lar and infundibular pulmonic stenosis are 


diagnosis ot 


absent can be stated with reasonable cer- 
tainty if studies are performed in both 
oblique projections, since the infundibulum 
and valve area are then well visualized. 
One reservation must be stated. Failure 


| 
| 
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Fic. g. Angiocardiogram in a female, aged seven, with the Eisenmenger complex. Right posterior oblique 

projection. (4 and B) At o.§ second, there is dense opacification of the superior vena cava, right atrium, 
and right ventricle, with some reflux into the inferior vena cava. (C and D) At 2 seconds, the pulmonary 
artery is densely opacified, simultaneously with aortic opacification, indicating the presence of aortic over 
riding with a shunt from the right ventricle, since the left ventricle is not as yet opacified. The pulmonary 
artery trunk and the main branches are grossly dilated, with a disproportionate diminution in the size of 
the peripheral branches, characteristic of pulmonary hypertension. It should be stressed that the presence 
of pulmonic stenosis cannot be excluded from the angiocardiogram alone in the right posterior oblique pro- 


jection; pulmonary artery pressures must be ascertained by catheterization in order to establish a con 
clusive 


1osis. If the procedure is performed in the left posterior oblique projection (or the right an 
terior oblique projection), however, the outflow tract of the right ventricle and the pulmonary valve area 
are throw n into profile . and the presence of pulmonic stenosis can usually be detected with ease, 
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to demonstrate the presence of overriding 
angiocardiographically does not necessar- 
ily exclude it. The demonstration of over- 
riding depends on the amount of right ven- 
tricular blood shunted in the aorta; if this 
is relatively slight, an unequivocal degree 
of opacification may not occur. 

2. The Diagnosis of Pulmonary Hyper- 
tension. At present, the most useful tech- 
nique for evaluating the presence and de- 
gree of pulmonary hypertension is cardiac 
catheterization. A less complicated ap- 
proach might be of great value in the study 
of the cardiac patient. The clinical sympto- 
matology may be suggestive of pulmonary 
hypertension, but is obviously not specific 
enough to rely on. The physical findings, 
such as an increased or split pulmonic sec- 
ond sound or right ventricular heave, may 
also indicate the presence of pulmonary 
hypertension, but rarely conclusive. 
The electrocardiogram, by demonstrating 
right ventricular hypertrophy or right bun- 
dle branch block, is often helpful; obvi- 
ously, however, identical findings might be 
expected in pulmonic stenosis. 

Recently, attention has been focused on 
the possibility of conventional roentgeno- 


are 


logic diagnosis of pulmonary hypertension.” 
Healey and his co-workers?’ made an im- 
portant contribution in analyzing the ef- 
fects of pulmonary hemodynamics on the 
roentgenologic appearance of the pulmo- 
nary arteries. A pulmonary blood flow 
greater than 7 |./min./m.” caused an in 
crease in the size of the pulmonary arteries, 
as did increased pulmonary arterial pres 
sure. They could not distinguish the effects 
of “increased flow with normal 
from increased pressure with normal flow.” 
Campbell’? confirmed their finding 
years later, and pointed out that larger 
main pulmonary arteries were seen in the 
Eisenmenger complex, with increased pul 
monary pressure and normal flow, than in 
the left-to-right shunts with normal pres 
sure and markedly elevated flow. 

Perhaps the most thorough roentgeno 
logic studies of pulmonary hypertension 
have been performed in patients with mi 


pressure 


two 
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tral stenosis.°: general these 
studies reveal no correlation between the 
degree of cardiomegaly and the extent of 
pulmonary hypertension. Right ventricular 
enlargement correlated well with the pres- 
ence but not with the degree of pulmonary 
hypertension. There was no rel: itionship 
between left atrial size and the degree of 
pulmonary hypertension. Finally, an analy- 
sis of pulmonary artery size demonstrated 
at best a rough correlation between the 
size of the central pulmonary arteries and 
the degree of pulmonary hypertension in 
mitral stenosis; prominence of the pulmo- 
nary artery segment alone was of no value 
in predicting the presence or degree of pul- 
monary hypertension. 

Angiocardiographic mitral 
stenosis demonstrated varving degrees of 
occlusive change in the smaller, peripheral 
pulmonary arteries, while the main pul 
monary artery and the central pulmonary 
arteries were dilated and large.* The de- 
gree of irregular narrowing and attenuation 


studies 


of the peripheral vessels was roughly pro- 
portional to the height of pulmonary arte- 
rial pressure as ascertained by catheteriza- 
tion. Careful the conventional 
roentgenograms in a large group ot cases 
revealed that the irregular, tor- 
tuous distal arteries could usually be iden- 


study of 
narrow, 


tified, and were w ell seen in the lower lobes. 
Others" 
called Kerley’s lines in pulmonary hyper- 
tension. More recently, the 
pulmonary hypertension in congenital heart 
with central and relatively 


have stressed the presence of so 
association of 
disease large 
narrow peripheral vessels has also been em 

phasized.’ 

The cases reported in this paper illustrate 
the roentgenologic pattern of severe pul- 
hypertension in congenital heart 
The main and hilar pulmonary ar- 
teries enlarged, while the peripheral 
branches are either normal in size or small. 


monary 
disease. 


are 


In patients with large left-to-right shunts 
and normal pressure, the hilar 
arteries are also enlarged, but the periph- 


main and 
eral arteries show a commensurate increase 


in size (Fig. Furthermore, in such pa- 
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Fic. 10. Increased pulmonary flow versus increased pulmonary artery pressure. (4) Increased flow. The 


pulmonary artery pressure (PAP) is normal (23/8 mm. Hg), but the flow (PF) is 13 liters per minute be- 
cause of the left-to-right shunt through an atrial septal defect. The central (17 mm.), mid (8 mm.), and 


peripheral (§ mm.) branches are all grossly but proportionately enlarged. Thus, there is no discernible 
discrepancy between the size of the central branches and that of the peripheral branches. (B) Increased 
pressure. The pulmonary artery pressure is markedly elevated (100/52 mm. Hg), but the pulmonary flow 
is decreased. Although the central pulmonary artery is grossly enlarged (19 mm.), the peripheral branches 
(2 mm.) taper strikingly and are uniformly small. This is the characteristic roentgenologic appearance 


associated with marked elevation of the pulmonary arterial pressure. 


tients large pulmonary veins can frequently 
be visualized. Finally, in valvular pulmonic 
stenosis the main pulmonary artery may 
also be strikingly prominent, but in our 
experience post-stenotic dilatation never 
involves the right descending pulmonary 
artery. 

We have compared the roentgen appear- 
ance in mitral stenosis complicated by pul- 
monary hypertension with that in our cases 
of the Eisenmenger complex.? Although the 
pulmonary arterial patterns were similar in 
many instances, Kerley’s lines, present in 
many cases of mitral stenosis with severe 
pulmonary hypertension, were found in 


only 1 case of pulmonary hypertension in 
the Eisenmenger complex (Fig. 3). Kerley,?° 
in describing these fine, horizontal, linear 
densities, best seen in the costophrenic 
angle, considered them evidence of lym- 
phatic engorgement. Others" have related 
their presence to pulmonary hypertension. 
Since they are most commonly found in 
pulmonary hypertension associated with 
increased pulmonary venous pressure (as 
in mitral stenosis), and are rarely present 
when pulmonary arterial pressure is high 
but pulmonary venous pressure is normal, 
they cannot be considered a sign of pul- 
monary arterial hypertension per se. A 
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further roentgenographic characteristic of 


pulmonary hypertension in mitral stenosis 


is the presence of an increased number of 


peripher: al pulmonary vessels.* This finding 
is not often observed in pulmonary hyper- 
tension associated with congenital heart 
disease. 

The explanation of the increased central 
vessel size in the presence of decreased or 
normal peripheral vessel size in pulmonary 
hypertension can be briefly summarized. 
The central and at times the mid vessels 
enlarge because of the increased resistance 
in the pulmonary vascular bed. The periph- 
eral vessels are relatively small 
they may be the seat of medial thickening, 
secondary intimal thickening, or spasm on 
a neurogenic 

Differential Diagnosis. The Eaisen- 
menger complex must be differentiated 
from all conditions associated with pulmo- 
nary hypertension. The role of angiocardi- 
ography in this differentiation has already 
been discussed. 

Atrial septal defect. Roentgenologi- 
cally, an atrial septal defect may resemble 
the Eisenmenger complex, although usually 
there is greater right ventricular enlarge- 
ment and evidence of pulmonary plethora 
with prominent peripheral vessels. The ab- 
sence of cyanosis and arterial oxygen unsat- 
uration are important differential points. 
When marked pulmonary hypertension de 
velops in the presence of an atrial septal de- 
fect, the cardiac may be 
similar to those of the Eisenmenger com- 
plex. Rarely, the hypertension may be so 
marked as to cause a right-to-left shunt. 

b. Ventricular septal The 
classical maladie de Roger is unlikely to be 
confused with the Fisenmenger complex, 
since the heart is normal in size and config- 
uration. A large ventricular septal defect, 
however, offers more of a roentgenologic 
problem. There is usually bi-ventricular 
enlargement with more obvious left ven- 
tricular prominence than in the Ejsen- 
menger complex. Engorgement of the pul- 
monary vessels is marked and extends to 
the periphery. Evidence of right atrial en- 
largement is rare. The absence of cyanosis 


because 


contours VEry 


defect.” 
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or of significant arterial oxygen unsatura- 
tion is important. If the pulmonary artery 
and the right ventricular pressure increase 
markedly, a right-to-left shunt may de- 
velop and then this anomaly is identical 
with the Eisenmenger complex. 

c. Patent ductus arteriosus. The common 
variety of patent ductus arteriosus offers 
little difficulty in differential diagnosis on 
clinical erounds alone. In the presence of 
pulmonary hypertension,”! however, the 
distinction may be more difficult because 
enlargement of the right ventricle and 
greater dilatation of the pulmonary artery 
then occur, and the typical murmur may be 
replaced by a systolic murmur alone. Under 
circumstances, angiocardiography, 

catheterization, and differential 
blood oxygen determinations trom arteries 
of the upper and lower extremities may be 
required. 

d. Primary pulmonary hypertension,'!® 
The roentgen appearance of the heart and 
lungs in primary pulmonary hypertension 
is similar to that in the Eisenmenger com- 
plex. Indeed, the disparity between central 
and peripheral vessels may be more marked 
in idiopi ithic pulmonary hypertension. Cy- 
anosis is rare, except pre-terminally, dysp- 
nea marked. Angiocardiograph) and periph- 
eral blood oxygen studies are important for 
differentiation. 

Such other conditions as the Bing Taus- 
sig syndrome, a trilocular heart, chronic 
pulmonary thrombosis, cor pulmonale, and 
even (rarely) mitral stenosis must also be 
excluded at times. When cyanosis is pro- 
found and peripheral vascularity signifi- 
cantly diminished in childhood, the tetral- 
ogy of Fallot with valvular stenosis may be 
Careful evaluation of the cen- 
tral pulmonary arteries demonstrates that 
they normal small 
anomaly, in contrast to the 
complex. 


these 
cardiac 


considered. 
are size in this 
isenmenger 


SUMMARY AND CONCLUSIONS 


The clinical, physiologic, and roent- 
genologic features of the Eisenmenger com- 
plex have been evaluated. 

In a series of 12 cases, the most con- 


! 
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stant roentgenologic features were right 


ventricular enlargement, enlargement of 


the main and hilar pulmonary arteries, and 
disparity between the large size of the prox- 
imal pulmonary arteries and the small cali- 
ber of the peripheral pulmonary arteries. 
The aorta appeared hy poplastic in most in- 

The roentgenographic appearance as- 
sOcli ae with pulmonary hypertension in 
congenital heart disease is frequently dis- 


tinctive; this 1s well illustrated by studies of 


the Eisenmenger complex. 

4. Differential diagnostic criteria and 
the role of angiocardiography have been 
briefly considered. 

Herbert Abrams 

Stanford University School of Medicine 
Clav and Webster Streets 

San Francisco 15, California 
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ROENTGEN MANIFESTATIONS OF UNPERFORATED 
AORTIC SINUS ANEURYSMS* 
REPORT OF THREE NEW CASES 


By ISR | 


NEW 


HE aortic sinuses are three small dila- 

tations at the root of the aorta. Be- 
cause of their intracardiac location, they 
are invisible during conventional roentgen- 
ography. With the advent of contrast vis 
ualization of the aorta, recognition of the 
aortic sinuses, especially aneurysms, be- 
came possible. So far, 20 cases of unperfor- 


ated aortic sinus have been 


recognized during life at this center. Seven- 


aneurysms 


teen have recently been reported ;°:!2:16.15.19 
the eighteenth, nineteenth and twentieth 
cases are herein described and the roentgen 
features which established the diagnosis 
are reviewed. 

Aneurysms of the aortic sinuses (of Val- 
salva) are rare and are either congenital or 
acquired. The acquired types are mostly 
due to syphilis or bacterial endocarditis. 
The congenital are believed to be due to a 
developmental detect in either the aortico- 
pulmonary septum or the elastic tissue of 
the aortic sinuses. 

Jones and Langley,’ in a classic paper in 
1949, res iewed the literature; they recorded 
43 autopsy proved cases and added 4 new 
ones. Warthen in 1949 reported the rupture 
of a congenital right aortic sinus into the 
left ventricle.”! Venning?’ in reported 
3 additional cases. Burchell and Edwards,’ 
also in 191, described a congenital aortic 
sinus which perforated into the right heart; 
a ventricular septal defect was also present. 
Falholt and Thompson? in 1953 in describ- 
ing a case of unruptured congenital right 
aortic sinus aneurysm diagnosed by retro- 


grade aortography increased the number of 


congenital sinus of Valsalva aneurysms to 


In Besabe, et al.’ added a case of 


congenital aortic sinus aneurysm with rup- 
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caused embolic 
gangrene of a foot. Oram and East" re- 
cently reported sudden rupture of congeni- 
tal aortic sinus aneurysms in 2 men; the 
diagnosis was confirmed by cardiac cathe- 
terization in one. An attempt to repair the 
rent failed. Brow n, et al? also operated ona 
patient who had rupture of an aneurysm 
and endocarditis which were diagnosed 
clinically and by cardiac catheterization. 
The patient lived fourteen days. Nineteen 
cases of syphilitic aneurysm of the aortic 
sinuses have been reported in the English 
literature since 1914; the antemortem diag- 
nosis was made only once.” 


endocarditis which also 


REPORT OF CASES 


Case 1. Congenttal Aortic Sinus Aneurysm 
with Aortic and Mitral Stenosis. A seven year 
old male (New York Hospital No. 721959) was 
referred by Dr. Hyman Bass on June 13, 1955, 
because of exertional dyspnea and easy fati- 
guability of two years’ duration. The child was 
well until the age of three years when a heart 
murmur was heard following pertussis. Fever, 
joint or muscle pains, tonsillitis and chorea 
were denied. 

On examination the patient was well devel- 
oped and well nourished: weight, 60 pounds; 
height, 485 inches. Only the cardiovascular 
system was abnormal. The heart was enlarged 
to percussion; the rate was 100 and regular and 
the blood pressure was 130,60 mm. Hg. Systolic 
thrills were felt over the apex of the heart and 
aortic area and loud systolic murmurs were 
heard over these areas. A presystolic murmur 
was also heard over the apex of the heart. The 
first heart sound was louder than the second; 
the second pulmonic sound was louder than the 
aortic. The femoral arterial pulses were pal- 
pable. 


Laboratory data were as follows: hemoglobin, 


ture into the right atrium due to bacterial 12 gm./100 cc.; erythrocytes, §.1 m/cu. mm.; 
* From the Departments of Medicine and Radiology, The New York Hospital-Cornell Medical Center 
Aid by 1 gral Mallir krodt ( cal Works 
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the white blood cell count and differential 
smear were normal. The electrocardiogram 
showed no deviation of the electrical axis; the 
heart was in the intermediate position; the 
limb, precordial and vector leads were abnor 
mal suggesting right auricular and left ventric 
ular enlargement. 

Roentgenographic study (Fig. 1.4) revealed 
enlargement of the heart, especially the left 
atrium and ventricle. Angiocardiography (Fig. 
1B) showed some enlargement of the right 


atrium, ventricle, pulmonary artery and 


Israel Steinberg and Nathaniel Finby 


FEBRUARY, 


branches. The left atrium was enlarged (Fig, 
1C and 1)) and measured 7 by 6 cm. The left 
ventricle chamber and wall were also markedly 
enlarged and there was aneurysmal dilatation 
of the aortic sinuses which measured 27 mm, 
in diameter. The 

mildly dilated. 


ascending aorta appeared 


Case ul. Syphilitic Saccular Aneurysm of the 
Ascending Aorta with Diffuse Aneurysmal In- 
volvement of the Aortic Sinuses, Aortic Regurei- 
tation and Congestive Heart Failure. A torty-tive 


AORTIC / 
SINUS 


ANEURYSM 


Itc. 1. Case 1. Congenital aortic sinus aneurysm associated with aortic and mitral stenosis in a seven year 
old boy. (4) Conventional frontal roentgenogram shows enlargement of the heart, especially the left 
ventricle. (B) Frontal angiocardiogram at 1} seconds discloses some enlargement of the right atrium. 
(C) Frontal angiocardiogram at 54 seconds reveals an enlarged left ventricle (chamber and wall) and left 
atrium. There is also aneurysmal dilatation of the aortic sinuses. (D) Tracing of C. 
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year old Negro (New York Hospital No. 
713268) was referred for angiocardiography. 
The patient had attended the Roosevelt Hos- 
pital since 19S. At that time he was found to 
have congestive heart failure due to aortic 
insufficiency. After treatment with 17.5 million 
units penicillin, bed rest and digitalis, he im- 
proved. In Kebruary, 1955, he was re-admitted 
because of dyspnea, orthopnea, ankle edema, 
and bouts of paroxysmal nocturnal dyspnea. 
Fluoroscopy disclosed aneurysmal dilatation 
of the ascending aorta, and physical examina- 
tion showed the heart to be enlarged with regu- 
lar sinus rhythm, rate, 86. The blood pressure 
in the left arm was 150/30; in the right arm it 
was 90/30. There were grade 4 systolic and 
diastolic murmurs at the apex and base of the 
heart. A diastolic shock was also felt over the 
precordium. The liver was tender and enlarged 
and a Corrigan pulse was present. 
Electrocardiographic 
occasional ventricular premature contractions 
and left ventricular hypertrophy. Serological 


examination showed 


tests of the blood for syphilis were negative. 
Roentgenographic examination of the chest 
showed marked enlargement of the heart and 
huge aneurysmal dilatation of the ascending 
aorta (Mig. 2.7). Angiocardiography was done 
B,C, D and E), and 


revealed aneurysmal dilatation of the ascending 


on June 21, 1955 (Fig. 


aorta involving the aortic sinuses. As a result, 
there was marked displacement of the terminal 
end of the superior vena cava and of the inflow 
tract of the right ventricle (Fig. 2, B and C). 

On July 14, 1955 (at another hospital), an 
attempt was made to alleviate the aortic re- 
gurgitation and congestive heart failure by the 
installation of a Hufnagel plastic valve. The 
patient died postoperatively. 

Postmortem showed a huge 
The left ventricle 
was markedly hypertrophied. There was a 


examination* 
heart: weight, 765 grams. 
large aneurysmal dilatation of the ascending 
aorta which involved the sinuses of Valsalva. 
In this area the aorta measured 10 cm. in great- 
est diameter (Fig. 2/). A dissecting aneurysm 
of recent origin was also present throughout the 
The measured 
8 cm. in circumference; each leaflet showed a 


ascending aorta. aortic valve 
sharp thickening along the free margin of the 
cusps. The ostia of the coronary arteries were, 
The of the 


however, widely patent. intima 


“ Courtesy of the Department of Path 


Hospital, New York, New York. 
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Roentgen Manifestations of Aortic Sinus Aneurysms 


Fic. 2. Case u. Syphilitic saccular aneurysm of the 
ascending aorta with aneurysmal involvement of 
the aortic sinuses in a forty-five year old man with 


aortic regurgitation and congestive heart failure. 
(4) Conventional frontal roentgenogram 
marked enlargement of the heart, especially the 
left ventricle. There is a huge saccular aneurysm 
of the ascending aorta which extends into the 
heart. 


shows 


aorta in the region of the aneurysm showed a 
mottled and wrinkled yellowish gray appear- 
ance. The mitral and tricuspid valves were 
dilated and showed slight thickening at the 
free margins. There was passive hyperemia of 
the legs, liver, kidneys and spleen. A recent 
myocardial infarction was also present. 


Case ul. Syphilitic Aortic Sinus Aneurysm 
with Aortitis, Aortic Regurgitation and Congestive 
Heart Failure. A sixty-one year old Negro 
laborer was admitted to the Bronx Veterars 
Administration Hospital on January 25, 1955, 
complaining of dyspnea. For over a year he 
had had increasing dyspnea on exertion asso- 
ciated with cough and edema of the legs. For 
several months he also had anorexia, pain in 
the right upper abdomen and had lost thirty 
pounds in weight. He recalled a penile lesion 
during his youth. Physical examination re- 
vealed sluggish reactions of the pupils to light. 
Moist rales were present at the bases of the 
lungs. The heart was enlarged; the position of 
the maximum impulse of the heart was in 
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LEFT VENTRICLE 


Fic. 2. Case 1. (B) Frontal angiocardiogram at 53 seconds shows marked displacement and deformity of the 


lower end of the superior vena cava, right atrium and ventricle by a huge intracardiac structure. (C) 


Tracing of B. (D) Left anterior oblique angiocardiogram at 33 seconds shows the tremendous saccular 


aneurysm of the aorta extending downward and including the aortic sinuses. (£) Tracing of D. 


the sixth intercostal space in the anterior 
axillary line. There was a harsh (grade 3) 
systolic murmur at the apex transmitted to the 
axilla and a blowing diastolic (grade 3) murmur 
at the base of the heart, loudest at Erb’s point. 
The second aortic sound was louder than the 
second pulmonic sound. The rate was 100, 
regular with occasional premature contractions. 
The blood pressure was 120/52. The liver was 
tender and enlarged four finger breadths below 
the costal edge and there was a three plus 
edema of the legs. 

Laboratory data revealed a positive sero- 
logic test of the blood for syphilis. The electro 
cardiogram showed right bundle branch block 


and left ventricular hypertrophy. Roentgen 
examination of the chest heart 


to be markedly enlarged, especially the left 


rev ealed t he 


ventricle (Fig. 3). Calcification of the ascending 
aorta was evident and the calcifications were 
seen to extend into the intracardiac origin of 
the aorta (Fig. 34). Aneurysmal dilatations of 
the aortic sinuses could be recognized by the 
deposits of calcium in the walls of the aortic si- 
nuses, especially in lateral view (Fig. 38). 
The patient remained in the hospital for five 
months and improved with rest, digitalis and 
penicillin therapy. He was re-admitted on Sep- 
tember 12, 1955, because of the recurrence of 
severe dyspnea, right upper quadrant pain and 


é 
4 
ARTERY 
4 = | 
ATRIUM 
4 
: 
| | 
j 
. 
; 
> 


Fic. 2. Case 
the aortic aneurysm involving the aortic sinuses. 
Note the hypertrophy of the left ventricle and 


i. (F) Postmortem specimen showing 


trabeculae carnae. 


leg edema. This time the pulmonary conges- 
tion and the liver and leg edema proved refrac- 
tory to treatment and he died in congestive 
heart failure on January 8, 1956. Consent for 
an autopsy could not be obtained. 


DISCUSSION 


NORMAL ANATOMY OF THE AORTIC SINUSES 


The aortic sinuses are three small dilata- 
tions in the wall of the aorta immediately 
above the aortic valves. Each sinus lies just 
above the attachment of an aortic cusp. 
The right and left coronary arteries usually 
originate within two of the aortic sinuses; 
however, they may emerge immediately 
distal to the aortic The aortic 
sinuses and their corresponding aortic 
valves are named according to the source 
of the coronary arteries. Thus, the right 
and left coronary arteries emerge from the 
right and left aortic sinuses respectively. 


sinuses. 
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The remaining aortic sinus usually lies pos- 
teriorly, does not contain a coronary artery 
and according to the newest nomenclature 
is designated the noncoronary sinus.*" 

The aortic sinuses are intracardiac and 
cannot be identified on conventional roent- 
genography. During angiocardiography 
they appear as small dilatations at the root 
of the aorta immediately above the aortic 
valves (Fig. 4, 4 and B) and are best visual- 
ized in the left anterior oblique projection.‘ 
Inconstant filling of the coronary arteries 
during angiocardiography does not allow 
complete identification of the sinuses. How- 
ever, in the left anterior oblique view, the 
right coronary sinus is anterior and just be- 
hind the sternum. The aortic sinuses of 
Valsalva are in close relation to all the car- 
diac chambers, particularly the right atrium 
and ventricle. The superior vena cava, the 
pulmonary artery, the left ventricle and the 
left atrium are adjacent. 


CLINICAL FEATURES OF UNPERFORATED 
CONGENITAL AORTIC SINUS ANEURYSMS 


Clinically, there is only a single clue to 
the presence of an unperforated congenital 
aortic sinus aneurysm. It consists of a harsh 
systolic murmur (grade 3 to 4) over the 
heart, especially to the left of the sternum. 
Such a murmur, if associated with coarcta- 
tion of the aorta,® anomalies of the aortic 
valves or arch,'®'!8 or arachnodactyly’® 
should arouse suspicion of an aortic sinus 
aneurysm. Confirmation can then be had 
by angiocardiography. 


ROENTGENOGRAPHY OF CONGENITAL 
UNPERFORATED AORTIC SINUS 
ANEURYSMS 


Conventional Roentgenography. On fluor- 
oscopy, cases of congenital aortic sinus 
aneurysms frequently exhibit unusual pul- 
sation of the root and ascending aorta. 
However, when there is hypertension, a 
dilated ascending aorta, due to associated 
coarctation of the aorta or aortic valve dis- 
ease, the value of this observation is lim- 
ited. An abnormal and enlarged cardiac sil- 
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Fic. 3. Case 11, Syphilitic aortitis with aortic sinus aneurysm, aortic regurgitation and congestive heart 
failure in a sixty-one year old man. (4) Conventional frontal roentgenogram shows enlargement of the 
heart, especially the left ventricle. Arrow points to intracardiac calcification continuous with the ascend- 
ing aortic calcification. (B) Lateral roentgenogram also shows calcium (arrows) outling the dilated aortic 
sinuses. 


Fic. 4. The Normal aortic sinuses. (4) Left anterior oblique angiocardiogram reveals the aortic sinuses. 
Arrow points to the right aortic sinus. (B) Left anterior oblique angiocardiogram shows the right aortic 
sinus just below the right coronary artery. (arrow) 
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houette may be expected in the roentgeno- 
orams of patients with congenital aortic 
sinus aneurysms. However, in 2 instances, 
a patient with pseudocoarctation’ and a 
patient with arachnodactyly had normal 
hearts.’ In addition, 4 patients with coarc- 
tation of the aorta exhibited rib notchings, 
an enlarged left ventricle, and evidence of 
poststenotic enlargement of the descending 
aorta verified by indentation of the esoph- 
agus.” The patient with pseudocoarctation 
had a prominent shadow in the region of 
the aortic knob and also a dilated descend- 
ing aorta; however, rib notching was not 
present." Two of 3 patients with arach- 
nodactyly had enlarged lett ventricles.!* In 
the patient with aortic and mitral valvular 
stenoses there was enlargement of all car- 
diac chambers (Fig. 1). 

Angiocardiography. Angiocardiography 
provides the definitive diagnosis of aortic 
sinus aneurysm. Generalized aneurysmal 
dilatation of all the aortic sinuses was pres- 
ent in all but 1 instance. In that case, only 
the right aortic sinus was involved.'> In 
coarctation of the aorta, the point of coare- 
tation, the dilated brachiocephalic and col- 
lateral arterial branches, as well as the en- 
larged left ventricle, were clearly outlined. 
In contrast, in the pseudocoarctation case, 
although there was an unusually dilated 
left subclavian artery, an apparent point of 
coarctation, and a dilated descending aorta, 
there was no collateral arterial circulation 
and the heart was not enlarged." 


SYPHILITIC UNPERFORATED AORTIC 
SINUS ANEURYSMS 

Pathologic Aspects. Syphilitic involve- 
ment of the cardiovascular system is com- 
monest at the aortic valve and ascending 
aorta. It begins with weakening and de- 
struction of the intimal surface of the aorta 
and elastic fibers of the media. When aortt- 
tis becomes manifest, either a diffuse aneu- 
rysmal dilatation or a localized saccular 
aneurysm of the ascending aorta may oc- 
cur. Calcium plaques are frequently de- 
posited in the damaged intima; their recog- 
nition in the root and ascending aorta be- 


comes an important clue of syphilis.» If 
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the aneurysm is large, stasis of blood oc- 
curs and a laminated thrombus partially fills 
the lumen. The aortic sinuses may similarly 
be involved and aneurysmal dilatation or 
sacculation of the sinuses results. Dilata- 
tion of the aortic ring and the production of 
of aortic insufficiency are usual.” 

Unlike congenital and mycotic aneu- 
rysms of the aortic sinuses which are paper 
thin and prone to rupture,’ syphilitic 
aneurysms usually become very large and 
laminated before they perforate.**” Any of 
the aortic sinuses may be the site of origin 
of a syphilitic aneurysm. This is in contrast 
to the congenital type which is believed to 
involve chiefly the right and noncoronary 
sinuses.”:!* Contrary to reports, there is no 
predictable relation between the sinus of 
origin and the structure into which an 
aneurysm perforates. Eight of the 11 per- 
forated cases reported in the literature (73 
per cent) ruptured into the lesser circula- 
tion (pulmonary artery, 4; right atrium, 2; 
and right ventricle, 2), and produced a left 
to right shunt.” Syphilitic aortic sinus 
aneurysms, unlike the congenital, may also 
rupture outside the heart. This is probably 
because the syphilitic aneurysms attain 
such a large size. 

In the literature as well as in our cases, 
the most common cause of death in patients 
with syphilitic aortic sinus aneurysm was 
heart failure due to aortic insufficiency. 
Rupture of the aortic sinus aneurysm in 8 
of the reported cases with the establish- 
ment of aorticocardiac or aorticopulmo- 
nary shunts hastened failure; none survived 
more than two months. On the other hand, 
rupture outside the heart caused sudden 
death. In 3 of the reported cases there were 
coronary artery occlusions due to pressure 
of the adjacent aortic sinus aneurysms. My- 
ocardial infarction was found distal to the 
occluded left coronary artery and caused 
sudden death in one instance, while in an- 
other case reported in the literature, the 
aneurysm was intact but bulged into the 
interventricular septum and _ pulmonary 
conus causing pulmonary stenosis and de- 
layed atrioventricular conduction, presum- 
ably due to pressure on the bundle of His.” 
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ROENTGENOGRAPHY OF SYPHILITIC 
UNPERFORATED AORTIC 
SINUS ANEURYSMS 
Conventional Roentge nography. The diag- 
nosis of syphilitic aortic sinus aneurysm 
can often be made after conventional roent- 
genography. A large boot shaped heart with 
a large left ventricle caused by the isolated 
aortic insufficiency was present in all but 
one case. Pulsatile dilatation of the ascend- 
ing aorta and fusiform or saccular aneu- 
rysms of the ascending aorta are also fre- 
quent findings. Linear calcification of the 
aorta is common and has long been recog- 
nized as an important sign of syphilitic 
aortitis.!°? When the calcification extends 
into the intracardiac origin of the aorta and 
outlines the aortic sinuses (Fig. 3,4 and £) 
or becomes massive in this region, the diag- 
nosis of syphilitic aortic sinus aneurysm 
becomes almost a certainty. 
Angiocardiography. Aortic sinus aneu- 
rysms are readily demonstrated by angio- 
cardiography. In the syphilitic, two types 
are recognized. In 8 instances, the aneu- 
rysms were continuations of huge fusiform 
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or saccular aneurysms of the ascending 
aorta (Fig. 2); in 4, the aneurysms were 
localized at the aortic sinuses and associ- 
ated with aortitis (Fig. 3). In all instances 
the syphilitic aneurysms were considerably 
larger than the congenital ty pes and, there- 
fore, created pressure effects in the sur- 
rounding cardiac chambers and great ves- 
sels (Fig. 2,8 and C). There are 2 previously 
reported cases, one after necropsy,” the 
other still alive! in which deformity of the 
pulmonary conus, pulmonary artery and 
its left branch was sufficient to cause right 
ventricular hypertrophy and chronic cor 
pulmonale. 

Although angiocardiography not 
performed in Case 111 and autopsy confirma- 
tion is lacking, the characteristic location of 
the calcium deposits in the ascending aorta 
extending into the aortic root and outlining 
the aortic sinus with calcium warrants the 
diagnosis of aortic sinus aneurysm associ- 
ated with syphilitic aortitis (Fig. 3). Such 
was the case, although cop te by a 
saccular aneurysm of the ascending aorta, 
in a patient recently reported (Fig. 5).” 


Fic. 5. Syphilitic aortic sinus aneurysm associated with a saccular aneurysm of the ascending aorta. (4) 
Conventional roentgenogram reveals a saccular ascending aortic aneurysm which extends to the aortic 
root and involves the aortic sinuses (outlined by calcium deposits [arrows] 
demonstrates the aneurysmal dilatation of the aortic sinuses and the huge ascending aortic aneurysm. 
(Previously published.'*) 


). (B) Lateral angiocardiogram 


} 


VoL. 77> No 


Figure 5.7 shows the calcium deposit in the 
ascending aorta extending into the root of 
the aorta and clearly outlining the aortic 
sinuses. On a lateral angiocardiogram, the 
syphilitic aortic sinus aneurysm associated 
with the aneurysm of the ascending aorta 
is readily seen (Fig. 58). 


RUPTURE OF AORTIC 
SINUS ANEURYSMS 


Sudden onset of severe dyspnea, right 
heart overloading and failure, enlargement 
of the pulmonary artery and evolution of 
machinery-like murmurs may mean rup- 
ture of an aortic root aneurysm into the 
pulmonary artery or right heart cham- 
bers.” Confirmation may be had by 
cardiac Repairs of 
ruptured aortic sinus aneurysms were at- 


8,13 


tempted in 3 instances but were unsuccess- 
ful 910,13 


TREATMENT AND PROGNOSIS OF AORTIC 
SINUS ANEURYSMS 

Surgical repair of syphilitic sinus of 
Valsalva aneurysms is a formidable under- 
taking because of their large size and seri- 
ous pressure effects on the neighboring car- 
diovascular structures. However, in the 
rare congenital type when the aneurysm is 
localized to a single aortic sinus, approach 
through the right atrium or ventricle ap- 
pears feasible.” In one of our recent cases, 
surgical repair of the aneurysm appeared 
especially dangerous because of the associ- 
ated aortic regurgitation, coarctation of the 
aorta and the recent bacterial endocarditis. 
However, the patient withstood surgical 
correction of the aortic coarctation very 
well.!® Even though congenital sinus of 
Valsalva aneurysms are paper thin and 
tend to rupture,’ 9g cases remained unper 
forated during a three to five year period of 
observation.'? At the present time surgical 
repair of the diffuse types of unruptured 
congenital sinus of Valsalva aneurysms 
does not seem warranted. 

Early diagnosis and treatment of syphilis 
with penicillin will prevent aortitis and 
aneurysms. Of our 11 cases of syphilitic 
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aortic sinus aneurysm, 4 are dead, 3 are 
lost to observation and 4 are alive and well 
and have been under medical care for pe- 
riods up to five years. 

The g patients with congenital types of 
aortic sinus aneurysms are all alive. The 4 
with coarctation of the aorta had resection 
of the coarcted segments with complete re- 
lief of the hypertension after end to end 
anastomosis of the aorta; all the patients 
are well enough to work. One of the 3 pa- 
tients with arachnodactyly, however, is 
still troubled by mild congestive heart 
failure; the other 2 continue to be free of 
cardiovascular complaints.'®? The patient 
with pseudocoarctation is also free of car- 
diovascular symptoms and is working." 
The child with the multiple valve disease 
and heart enlargement remains handi- 
capped. 

The long term prognosis of patients with 
unperforated aortic sinus aneurysms 1s un- 
known. Even though there have been only 
a few years of observation, the general well 
being of the majority of the patients in- 
dicated that the prognosis is not immedi- 
ately fatal. Once the aneurysm ruptures, 
the situation is usually hopeless. Therefore, 
even though the surgical approach is diff- 
cult and hazardous and despite the desper- 
ate circulatory hemodynamics, an attempt 
to repair the perforation should be made.” 


SUMMARY AND CONCLUSION 

Three new cases of unperforated aortic 
sinus aneurysms were diagnosed ante- 
mortem by roentgenographic studies. In 
the first, a child of seven years, the aortic 
sinus aneurysm is believed to be of congen- 
ital origin and was associated with mitral 
and aortic stenosis. The aortic sinus aneu- 
rysm was unsuspected clinically. The 2 
other cases had acquired syphilitic aortic 
sinus aneurysms. Both patients had chronic 
congestive heart failure due to aortic re- 
gurgitation. One also had a huge aneu- 
rysmal dilatation of the ascending aorta 
which involved the aortic sinuses. Diagno- 
sis was established by angiocardiography 
and confirmed by postmortem examination 
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of the heart and aorta. In the other, the 


appearance of calcification in the walls of 


the dilated ascending aorta with extension 
of the calcium deposits into the root of the 
aorta outlining the aortic sinuses was con- 
sidered characteristic enough to establish 
the diagnosis of syphilitic aortitis and aortic 
sinus aneurysm. 

Angiocardiography provides the defini- 
tive method of establishing the diagnosis of 
unperforated aortic sinus aneurysms. How- 
ever, the majority of the syphilitic type 
has characteristic conventional roentgeno- 
graphic findings. These consist of linear 
calcification of the walls of the ascending 
aorta (a reliable sign of syphilitic aortitis) 
extending into the root of the aorta and of- 
ten outlining the aortic sinuses. In some 
instances massive calcifications at the 
aortic root represent calcified thrombosis 
of an aortic sinus aneurysm. 

When perforation of an aortic sinus 
aneurysm into the right cardiac chambers 
occurs, there are usually classical symp- 
toms of sudden onset of chest pain and 
dyspnea, soon followed by relentless heart 
failure. On physical examination a_ high 
pitched continuous musical murmur can 
be recognized. Often there are roentgen 
signs of superior vena caval, right atrial 
and right ventricular dilatation frequently 
followed by right ventricular enlargement. 
Confirmation of an aorticocardiac shunt 
can be secured by right heart catheteriza- 
tion which will disclose highly oxygenated 
blood and hypertension in the right cardiac 
chambers and pulmonary artery. 

Repair of a ruptured congenital aortic 
sinus aneurysm should be attempted espe- 
cially if there is a chronic and latent phase 
of the aorticocardiac shunt. Repair of a 
ruptured syphilitic aortic sinus aneurysm 
seems unwarranted for, in addition to the 
aorticocardiac shunt, there is the 
burden of long standing disease with hy- 


new 


pertrophy of the left ventricle because of 


aortitis and aortic regurgitation. 
Roentgenography is essential for estab- 
lishing the diagnosis of aortic sinus aneu- 
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rysms and permits their classification into 
the congenital and acquired (syphilitic) 
types. It also provides important informa- 
tion when rupture occurs and is useful for 
the selection of the case that may be amen- 
able to surgical repair of the aorticocardiac 
shunt. 


ADDENDUM 


Since this paper was submitted for pub- 
lication, Case 1 was re-admitted to the 
hospital because of bacterial endocarditis, 
Recovery followed antibiotic treatment. 


Israel Steinberg, M.D. 
East 68th Street 
New York 21, New York 


REFERENCES 


1. Basape, H., Hoyman, D., and Rosemsuit, 
Bicuspid aortic valve and aortic (Valsalva) 
sinus aneurysm opening into right auricle; 
embolic gangrene of left foot. Rev. Asoc. méd. 
argent., 1954, 08, 173-176. 

2. Brown, J. W., Hearn, D., and Wurraker, W, 
Cardioaortic fistula; case diagnosed in life and 
treated surgically. Circulation, 195$, 12, 81g 
826. 

3. H. B., and Epwarps, J. FE. Aortic 
sinus aneurysm. with into 
right ventricle and associated ventricular sep 
tal defect. Proc. Staff Meet., Mayo Clin., 1951, 
20, 336-340. 

4. Dorrer, C. T., and Sreinspera, I. Angiocardiog 

raphy. Paul B. Hoeber, Inc., New York, 1951. 

Dusitier, W., Jr., Taycor, T. L., and Srein 


communications 


sinus 


BERG, I. Aortic aneurysm associated 
with coarctation of aorta. Am. J. Roen1 
GENOL, Rap. THErRApy & Me_p., 
1955, 73, 10-14 


6. Epwarps, J. E., Becu, L. M., and Burcue tt, 
H. B. Aneurysms of aortic sinuses: Anatomic, 
pathologic, clinical and physiologic studies 
in four cases, in three of which rupture oc 
curred. (Abstract of the 28th Scientific Ses 
sion of the American Heart Association). Cir 
culation, 1955, 12, 700. 

Fatnoir, W., and THomsen, G. Congenital 
aneurysm of right sinus of Valsalva, diagnosed 


by aortography. Circulation, 1953, 8, 549 
553. 

8. Herrmann, G. R., and Scuorietp, N. D. Syn 
drome of rupture of aortic root or sinus of 
Valsalva aneurysm into right atrium. dm. 

Heart F., 1947, 34, 87-99. 


». Jones, A, M., and Lanctey, F. A. Aortic sinus 


. Suipp, J. 


aneurysms. Brit. Heart F., 1949, 77, 325-341. 

Kirkuin, J. W. Quoted by Burcue ti, H. B. 
Unusual forms of heart disease. Circulation, 
1954, JO, 574-579. 

KyELLBERG, S. R., Mannuermer, E., 
U., and Jonsson, B. Diagnosis of Congenital 
Heart Disease. Year Book Publishers, Inc., 
Chicago, 1955, pp. 442-447. 

Merten, C. W., Finsy, N., and STEINBERG, I. 
Antemortem diagnosis of syphilitic aneurysm 
of aortic sinuses; report of nine cases. 4m. Ff. 
Med., 1956, 20, 345-360. 


VoL. 77, No. 2 Roentgen Manifestations of Aortic Sinus Aneurysms 


16. 


1d. 


19. 


. Oram, S., and East, T. Rupture of aneurysms of 


aortic sinuses (of Valsalva) into right side of 


heart. Brit. Heart F., 1955, 17, 541-551. 


Ostrum, H. W., Rosrinson, B. D., Nicuots, C. 


F., and Wipmann, B. P. Aneurysms of aortic 
sinuses or sinus of Valsalva. Am. J. Roenr- 
GENOL, & Rap. THERAPY, 1938, #0, 828-837. 
C., Crowtey, L. V., and Wiau, R. 
Aortic sinus aneurysm; production of intra- 
cardiac calcification and pulmonary artery 
fistula. 4m. ‘Ff. Med., 1955, 78, 160-166. 


te 
J 


ws 


STEINBERG, I. Aneurysm of aortic sinuses with 
pseudocoarctation of aorta. Brit. Heart F., 
1956, 78, 85-89. 

STEINBERG, I., and Finsy, N. Clinical manifes- 
tations of unruptured aortic sinus aneurysm. 
Circulation, 1956, 74, 115-124. 

STEINBERG, I., and Finsy, N. Congenital right 
aortic sinus aneurysm associated with coarc- 
tation of aorta; antemortem report of case. 
New England ‘f. Med., 1955, 253, 549-552. 

STEINBERG, I., and Getter, W. Aneurysmal 
dilatation of aortic sinuses in arachnodactyly: 
diagnosis during life in three cases. Ann. Int. 
Med., 1955, £3, 120-132. 

Vennino, G. R. Aneurysms of sinus of Valsalva. 
Am. Heart F., 1951, 42, §7—-69. 

WartTHEN, R. O. Congenital aneurysm of right 
aortic of Valsalva (interventricular 
aneurysm) with spontaneous rupture into left 
ventricle. 4m. Heart F., 1949, 37, 975-981. 

Wo tk, A. Significance of calcification in as- 
cending portion of aortic arch. Radiology, 


IOS. 


sinus 


19$4, 602, 101 


) |_| 
) 10. 

11. 
|__| 
12. 
|_| 
21. 
1§ 
| 
CSAS 


Fesruary, 1957 


ROENTGENOGRAPHIC VISUALIZATION 
OF THE CORONARY ARTERIES 


By NATHANIEL E. REICH, M.D.,* and MORRIS WITTEN, M.D.+ 


BROOKLYN, NEW YORK 


i IS well known from autopsy statistics 

that calcification of the coronary vessels 
is very common, notably in the older age 
group. However, in most instances the de- 
posits are not identifiable on roentgen films. 
Presumably, the arteriosclerotic process 
must be advanced and rather dense to be- 
come visualized. Other considerations which 
play a definite role in the roentgenographic 
recognition of coronary 
(1) awareness of the common sites and 
characteristics of such densities, (2) good 
technical quality of roentgenograms with 
multiple projections including posteroan- 
terior, both oblique and_ lateral 
(3) differentiation from other intra- and 
extra-cardiac densities, such as calcification 
of the pericardium, valves, annulus fibro- 
sus, costal cartilages, hilar lymph nodes, 
and pulmonary vessels projected through 
the cardiac borders. 

The most common site of visible calcifi- 
cation is in the circumflex branch of the 
left coronary artery, just beneath the left 
heart border, in the region of the upper left 
ventricular contour. In the left anterior 
oblique view, the circumflex branch may 
be identified as a circular calcific deposit 
posteriorly in the  auriculoventricular 
groove, since it 1s seen in cross-section in 
this projection. Next in frequency is the 
descending branch of the left coronary ar- 
tery in the upper portion of the interven 
tricular groove. Not uncommonly, both 
of these branches may be calcified. Less fre- 
quently, calcification can be seen in the 
right coronary artery. This is located close 
to the anterior or right ventricular border 
in the left anterior oblique projection and 
somewhat deeper to the posterior heart 


sclerosis are 


views, 


border in the right anterior oblique projec- 
tion (Fig. 1). 

Characteristically, these calcifications 
have the appearance of linear streaks and 
interrupted plaques arranged in_ parallel 
segments. Fluoroscopically, the calcified 
vessels move synchronously with, and in 
the same amplitude as, the adjacent heart 
border. The movements are considerably 
less dramatic than those exhibited by calei- 
fied valves and annulus fibrosus. 

Six cases (Table 1) associated with defin- 
itive roentgen evidence of sclerotic changes 
of branches of the left coronary artery were 
observed. Cardiac consultation, 12-lead 
electrocardiography, teleroentgenography, 
urinalysis, serologic tests, and blood cell 
counts were performed in each instance. 
When necessary, roentgenograms in other 
views and neurologic consultation were also 
requested. 


REPORT OF CASES 


Case 1. B.W.K., white male sixty-one years 
old, treated for duodenal with 
marked pyloric obstruction for eight years. 
Two months ago, the patient suffered pressing 
precordial pains and exertional dyspnea. He 


was ulcer, 


also had cramping pains in both legs. He 


worked a longshoreman until recently. 
Examination revealed a well developed male 


of 176 pounds and 70 inches. Both fundi showed 


as 


retinal angiosclerosis. There was no cardiac en- 
largement or murmurs. The tones were of good 
quality. Regular sinus rhythm was present with 
a rate of 82 per minute. Blood pressure was 
138/86. Sclerotic peripheral arteries were pal 
pated. 

Laboratory studies: Roentgenograms of the 
chest revealed no cardiac enlargement, but 
marked calcification of the left 


there was 
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CIRCUMFLEX BRANCH J 
kic. 1. Distribution of coronary arterial supply and roentgen anatomy in the oblique views. 
Taste | 
SUMMARY OF FINDINGS 
Calcifications Visible on Electrocardio Blood 
Case Age Sex Symptoms 
Roentgenograms gram Pressure 
I 61 M left coronary, circumflex and ante- posterior wall anginal syndrome, 138/86 
rior descending branches infarction dyspnea 
I} 64 M left coronary, anterior descending negative headaches, chest 162/104 
branch, aorta, leg arteries pain, dyspnea 
I] 56 M left coronary, circumflex branch, negative hemiplegia only 180/120 
aorta 
IV 66 M left coronary, aorta negative tremors, headaches 170/110 
V 76 M _sileft coronary, circumflex and ante- negative none 130/70 


rior descending branches, aorta, 
aortic valve 
VI rs kK = left coronary, circumflex branch negative dyspnea, hemiplegia 210/122 
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Fic. 2. Case 1. B. W. K. Posteroanterior roentgeno 
gram. Calcification of the left coronary artery and 
of portions of the circumflex and anterior descend 
ing branches. 


coronary artery and of portions of the cir 
cumflex and anterior descending branches. This 
was especially visible in the posteroanterior 
projection (Fig. 2). There was marked calcifica 
tion of the arch and descending portions of the 
aorta. Extensive calcification was noted in the 
abdominal aorta, pelvic and femoral arteries, 
as well as in the arteries of both lower extremi 
ties. The electrocardiographic findings were 
compatible with an old myocardial infarction 
of the posterior wall (Fig. 3). Urinalysis, blood 
cell count and serologic test were normal. 
Diagnosis: Generalized arteriosclerosis (pre 
dominantly peripheral and cardiac), arterio 
sclerotic heart disease, old posterior wall myo 
cardial infarction, regular sinus rhythm, an- 
ginal syndrome and chronic duodenal ulcer. 


Comment. A clinicoroentgenologic correla- 
tion is well defined in this patient. Abund- 
ant clinical and roentgen 
marked generalized atheromatous degener- 
ation was present. Sclerosis of the coronary 


arteries led to occlusion with infarction of 
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the posterior wall, as indicated on the elec. 
trocardiogram. The entire aorta and all 
branches to the lower extremities were also 
markedly involved, with symptoms of 
claudication. 


Case u. W.A.D., a white male sixty-four 
years old, suffered from hypertension, exer- 
tional dyspnea, and precordial pains for one 
year. He had been hospitalized for several days 
because of headaches and dyspnea. He had a 
herniotomy thirty years previously. He worked 
as a painter until four years ago. Examination 
revealed a moderately advanced angiosclerosis 
of the fundi. There were no cardiac enlarge- 
ment, murmurs, thrills or rales. The tones were 
of fair quality, but the second aortic sound was 
accentuated. There was normal sinus rhythm 


| 


\, 


Fic. 3. Changes in leads 2, 3, and aVf typical of 
old posterior myocardial infarction. 
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with a rate of 82 per minute. There was no 
evidence of myocardial insufficiency. The pe- 
ripheral vessels were sclerotic. Blood pressure 
was 162/104. 

Laboratory studies: Roentgenograms of the 
chest revealed no cardiac chamber enlarge- 
ments. Linear calcific streaks were noted at the 
upper left ventricular contour in the posteroan- 
terior view, following the course of the anterior 
descending branch of the left coronary artery 
(Fig. 4). Sclerosis of the aorta and leg vessels 
The electrocardiogram, blood cell 
count and serologic test were normal. 


was noted. 


Diagnosis: Generalized arteriosclerosis and 
mild hypertensive vascular disease. This is 
another instance of advanced atheromatous 
degeneration of the cardiovascular system with 
normal electrocardiogram. 


Case ut. G.C.F., a white male fifty-six years 
old, had hypertension for ten years. For this 
reason he was retired from the Fire Depart- 
ment. He recently suffered two strokes affecting 
both sides of the be ly . He improved sufficiently 


Fic. 4. Case un. W. A. D. Posteroanterior roentgeno 


gram. Calcification of the anterior descending 


branch of the left coronary artery. Calcification 


is also seen in the aortic arch. 


be able to walk with slight residual inca- 
pacity of the right extremities. At present he 
complains only of occasional headaches. Ex- 
amination revealed a male of 175 pounds and 
673 inches. There was a Grade 1 hypertensive 
retinopathy. Cardiac study revealed no en- 
largement, thrills or rubs. There was a non- 
localized faint systolic murmur heard over the 
precordium. The second pulmonic sound was 
greater than the second aortic sound and both 
sounds were accentuated. The tones were of 
fair quality. There was no evidence of decom- 
pensation. Blood pressure was 180/120. There 
was regular sinus rhythm, with a rate of 78 
per minute. There were mild residuals of right 
hemiplegia. 

Laboratory studies: Roentgenograms of the 
chest revealed no evidence of cardiac chamber 
enlargement. There was tortuosity of the 
aorta. Heavy calcification of the walls of the 
circumflex branch of the left coronary artery 
was visible in the posteroanterior, left anterior 
ob rlique and right anterior oblique projections 
(Fig. 5). In the left anterior oblique projection, 
the vessel was seen on end in the auriculoven- 
tricular groove. The electrocardiogram was 
entirely normal. Blood cell count, urinalysis and 
serologic test were normal. 

Diagnosis: Old cerebral thrombosis and hy- 
pertensive vascular disease. 


Comment. Although the electrocardiogram 
was negative and there was no cardiac 
symptomatology, fairly marked calcifica- 
tion was evident in the left coronary artery. 
The cerebral vessels were affected by a sim- 
ilar atheromatous process which culminated 
in cerebral thrombosis and right hemi- 
plegia. Apparently, the lumina of the cor- 
onary arteries were sufficiently patent to 
obviate clinical or electroc ardiographic evi- 
dence of myocardial damage or strain pat- 
tern. 


Case tv. C.1.D., a sixty-six year-old retired 
white marine engineer, complained of gener- 
alized tremors of six months’ duration. He also 
had nervousness, dizziness and headaches. 
Hypertension was accidentally discovered 
this examination. He denied cardiovascular 
symptomatology other than exertional dys- 
pnea. Examination revealed Grade 2 hyper- 
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tensive retinopathy. There were no cardiac 
enlargement, thrills, rubs or murmurs. There 
was normal sinus rhythm with a rate of 80 per 
minute. There was no evidence of myocardial 
insufficiency. Blood pressure was 170/11 


1957 


Case G. C. F. Poster yanterior, left 
anterior oblique, and right anterior oblique 


positions demonstrating calcification of the 
circumflex branch of the left coronary ar 
tery. In the left anterior oblique projection 
the vessel is seen on end in the auriculoven- 


tricular groove. 


Neurologic study disclosed characteristic find- 
ings of paralysis agitans. 

Laboratory studies: Roentgenograms of the 
chest revealed no cardiac chamber enlarge 
ment, but calcific streaks were noted inside the 
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upper left ventricular border. There was cal- 
cification of the arch and descending portions 
of the aorta. The electrocardiogram was nor- 
mal, except for occasional premature ventricu- 
lar contractions. Blood studies, urinalysis and 
serologic test were normal. 

Diagnosis: Hypertensive vascular disease, 
generalized arteriosclerosis, and paralysis agi- 
tans. 


Comment. Generalized arteriosclerosis was 
manifested clinically in the cerebral arteries 
only. Although there was abundant roent- 
gen evidence of cardiovascular sclerotic 
changes, there were very few cardiac com- 
plaints, and the electrocardiogram was 
normal. 


Case v. McA., a Negro male 76 years old, 
complained of a productive cough and dyspnea 
of two weeks’ duration. Ophthalmoscopic 
examination revealed moderate angiosclerosis 
of the fundi and a post-traumatic adherent 
leukoma. There were occasional basal rales and 
rhonchi in both lungs. The heart was not 
enlarged, and there were no murmurs, but the 
tones were of poor quality. There was normal 
sinus rhythm with a rate of 86 per minute. 
Blood pressure Was 130/70. There was no 
evidence of myocardial insufficiency. The pe- 
ripheral vessels were thickened and sclerotic. 

Laboratory studies: A roentgenogram of the 
chest revealed no enlargement of the heart. 
There was extensive calcification of the aortic 
arch. At the upper left border of the left ven- 
tricle, there was calcification of the left coro- 
nary artery and portions of the circumflex and 
anterior descending branches (Fig. 6). There 
was also evidence of calcification of the aortic 
valve, noted on fluoroscopy. There were signs 
of pulmonary emphysema. The electrocardio- 
gram appeared normal. Urinalysis, blood 
studies and serologic test were normal. 

Diagnosis: Asymptomatic generalized ar 
teriosclerosis, chronic bronchitis with emphy- 
sema, 


Comment. Calcification of the left coronary 
artery, aortic valve and aortic arch was 
demonstrable roentgenographically and 
fluoroscopically. However, there was 
neither clinical nor electrocardiographic 
evidence of coronary disease despite the 
nature of these findings and the advanced 
age of the patient. 
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Kic. 6. Case v. McA, Posteroanterior roentgeno- 
gram showing calcification of the left coronary 
artery with portions of the circumflex and an- 
terior descending branches. Aortic arch also calci- 
fed. 


Case vi. A.L.V., a white female nurse sixty- 
five years old, suffered a stroke two years 
previously, and had residual weakness and in- 
coordination of the left extremities. She com- 
plained of exertional dyspnea only. There was 
a history of heart disease. Examination re- 
vealed generalized angiosclerosis of the retinal 
arteries. The heart showed no enlargement, 
thrills, rubs or murmurs. There was regular 
sinus rhythm with a rate of 84 per minute. 
The second aortic sound was markedly accen- 
tuated. There was no evidence of myocardial 
insufficiency. Blood pressure was 210/122. 
There were mild residuals of a left hemiplegia. 

Laboratory studies: Roentgenograms of the 
chest revealed a very slight generalized cardiac 
enlargement. There was linear calcific streaking 
near the upper left contour and posterior aspect 
of the heart at the site of the circumflex branch 
of the left coronary artery (Fig. 7). The aorta 
showed slight tortuosity. The electrocardio- 
gram was normal, except for occasional prema- 
ture contractions. Blood studies and serologic 
test were normal. The urine revealed a few red 
blood cells. 


Diagnosis: Hypertensive vascular disease, 
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+. Case vi. A. L. V. Left lateral and left anterior oblique views showing calcification of 


the circumflex branch of the left coronary artery in the auriculoventricular groove. 


generalized arteriosclerosis, and mild residuals 
of left hemiplegia. 


Comment. This patient revealed no elec- 
trocardiographic evidence of coronary ar- 
tery involvement despite marked sclerotic 
changes on roentgenologic examination. Pe- 
ripheral arteriosclerosis manifested 
clinically only in the cerebral arteries. 


Was 


SUMMARY 

Calcification of segments of the left cor- 
onary artery was demonstrable on the chest 
roentgenograms of 6 patients. There were 
5 males and 1 female. The average age was 
sixty-five years. Despite the advanced 
sclerotic changes in the coronary arteries, 
it is remarkable that 5 out of the 6 patients 
presented normal electrocardiograms. Only 
| patient had suffered an episode of coro- 
nary occlusion. Hypertension was present in 
4 of these patients. Cardiac symptomatol- 
ogy was marked in only 2 patients. Clinical 
evidence of atheromatous degeneration was 


commonly manifested in the cerebral ves- 
sels and other peripheral arteries. 
CONCLUSION 

Calcification of the coronary arteries may 
be discernible on ordinary roentgenograms. 
The common sites and characteristics have 
been discussed. In our series, this finding 
was not associated with clinical or electro- 
cardiographic evidence of myocardial dam- 
age or coronary insufficiency in 4 out of 6 
cases. Only 1 patient presented definitive 
evidence of an old coronary occlusion. 
Nathaniel E. Reich, M.D. 
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CALCIFICATION OF THE ASCENDING AORTA* 


By BERNARD S. EPSTEIN, M.D. 


NEW HYDE PARK, NEW YORK 


ALCIFICATION of the ascending 

aorta has been set forth as a reliable 
sign of syphilitic aortitis. Similar calcifica- 
tion of nonsyphilitic origin is regarded as 
rare. Inasmuch as 4 of the 20 cases of 
calcification of the ascending aorta reported 
here disclosed no evidence of syphilis, 
neither clinically nor at necropsy, further 
consideration of this condition may prove 
informative. 

Jackman and Lubert* reported calcifica- 
tion of the ascending aorta in 15 of 66 cases 
of syphilitic aortitis, excluding patients 
with aneurysms. Later, Jackman? observed 
20 additional cases of ascending aortic 
calcification with positive reactions for 
syphilis in 15. Leighton‘ recorded ascending 
aortic calcification in 11 out of 20 verified 
cases of syphilitic aortitis, 2 of which had 
aneurysms. In 39 others with only clinical 
evidence of syphilis, 21 had ascending aortic 
calcifications. Thorner, Carter and Griffith® 
reported that 22 out of 122 cases of syphilit- 
ic aortitis had calcification of the ascend- 
ing aorta. Of 9 cases diagnosed as syphilit- 
ic aortitis, including 30 with aneurysms, 
Wolkin® observed visible calcification of 
the ascending aorta in $4. 

Calcification of the ascending aorta 
unassociated with syphilis has been ob- 
served far less frequently. Jackman and 
Lubert® found but 2 such instances in 62 
cases of severe arteriosclerosis. Leighton‘ 
reviewed 400 consecutive chest roentgeno- 
grams unselected except for age and sex to 
correspond with his cases of syphilitic 
aortitis, and noted ascending aortic cal- 
cification in but 2, an incidence of 0.5 per 
cent. Thorner, Carter and Griffith’ found 
only 2 in 100 cases of arteriosclerosis. 
Wolkin® encountered but 1 case in his 
series of $4 patients with calcification of 
the ascending aorta in which this calcifica- 
tion was not unequivocally syphilitic. 


Syphilitic aortitis without aneurysm 
formation is often referred to as an uncom- 
plicated syphilitic aortitis. This follows 
spirochetal invasion of the adventitia early 
in the infection, the initial lesions appearing 
in the proximal portion of the ascending 
aorta. These extend proximally and 
distally, and enter the media by way of the 
lymphatics and the vasa vasorum. The 
intima becomes thickened, wrinkled, and 
disrupted as the destruction of the medial 
elastic and connective tissues progress. 
Irregular furrows develop along the long 
axis of the aorta, interspersed with pearly 
patches of varying sizes. At first the 
intimal thickening may be poorly delimited, 
but later the margins become sharply de- 
fined and coalescent. Ulceration and cal- 
cification, which may extend into the 
media, are degenerative changes which 
follow intimal and medial necrosis. 

Uncomplicated syphilitic aortitis in- 
volves principally the ascending aorta. 
This may be attributed to the local rich 
supply of vasa vasorum and lymphatics, 
affording an avenue for syphilitic extension 
greater than that for the abdominal aorta 
or main arteries. 

As a result of syphilitic mesaortitis, the 
ascending aorta loses its elasticity and 
becomes dilated. Unless there are con- 
comitant changes in the aortic valves, the 
heart is unchanged. This dilatation of the 
ascending aorta affords practically the only 
diagnostic sign of uncomplicated syphilitic 
aortitis. Aneurysm formation is frequent, 
appearing in from 10 to 20 per cent of cases. 
Calcification of the ascending aorta in 
uncomplicated syphilitic aortitis, as well 
as In aneurysms, occurs frequently, and is 
regarded as a nonspecific attempt at healing 
rather than as a manifestation of syphilis. 

Arteriosclerosis of the aorta originates 
with intimal thickening, particularly about 


* From the Department of Radiology, The Long Island Jewish Hospital, New Hyde Park, New York. 


281 


} 
} 
e 
(y 
} 
6 
e 
i 


to 
CO 
tw 


the origins of the direct branches such as 
the intercostal arteries, the carotid and the 
iliac arteries. The ascending aorta is in- 
volved less frequently and less extensively 
than the transverse and descending tho- 
racic portions of the aorta. The intimal 
plaques become necrotic and _ softened, 
undergo fatty degeneration and assume an 
opaque, yellowish, and fairly hard con- 
sistency. As degeneration progresses, the 
hardened areas soften and become grumous, 
with erosion and ulceration of their 
surfaces. A surrounding cellular infiltration 
appears, followed by scarring. Calcification 
of the intima and the underlying media is 
one of the reparative mechanisms. Some- 
times it is quite difficult to differentiate 
these areas from syphilitic aortitis. 

As scarring becomes more pronounced, 
the elasticity of the aorta diminishes and 
varying degrees of dilatation appear. This 
process is most marked in the transverse, 
descending, and abdominal portions of the 
aorta. One of the reasons for the relatively 
uncommon localization in the ascending 
aorta may be that this region has no 
emerging branches. 

Dilatation of the ascending aorta may 
be identified roentgenologically on postero- 
anterior, left anterior oblique and left 
lateral roentgenograms, and on 
cardiograms. The extent of pulsation may 
be observed fluoroscopically and can be 
recorded on roentgenkymograms. Steinberg 
and his co-workers’ noted that the average 
normal diameter of the ascending aorta in 
100 cases varied between 16 and 38 mm., 
with an average of 28.6 mm. In $1 cases of 
syphilis, the diameter of the ascending 
aorta varied between 38 and 7o mm., 
averaging 45.4 mm. 

While dilatation of the ascending aorta 
is relatively common in syphilitic aortitis, 
it is not limited to this condition. It may 
also be encountered in patients with hyper- 
tension, rheumatic aortic valvular insuf- 
ficiency and coarctation of the aorta. 
Ruffin, Castleman and White® described 
arteriosclerotic aneurysms and senile ec- 
tasia of the ascending aorta, and pointed 
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out that large thoracic aneurysms may be 
arteriosclerotic or senile in nature. They 
regarded the combination of old age, a 
negative serologic reaction, and occurrence 
in females as suggestive of senile ectasia or 
arteriosclerotic aneurysms. 

This overlapping of pathologic processes 
makes it dificult to establish definite 
criteria for the roentgenographic diagnosis 
of syphilitic aortitis. While there is no 
doubt that a great many patients with as- 
cending aortic calcifications have syphilis, 
such calcifications alone cannot be con- 
sidered absolutely indicative of pre-existent 
syphilis. 

It is proposed for the purposes of this 
discussion to regard patients with a known 
history of syphilis or positive serologic 
reactions, together with calcifications of 
the ascending aorta, as having syphilitic 
aortitis. Those with calcification of the 
ascending aorta alone, with negative sero- 
logic reactions and no history or clinical 
indications of syphilis, are regarded as 
possibly syphilitic in origin. However, if 
they are over sixty years of age, they may 
fall into the group of senile ectasia with 
calcification. Considered as nonsyphilitic 
are those with verification in 
which the pathologic appearance of the 
aorta, as well as microscopic examination 


necropsy) 


and other necropsy evidence, showed no 
syphilitic stigmata. 
MATERIAL 

Twenty cases of calcification of the 
ascending aorta without aneurysms were 
observed. Of these, 8 were definitely syph- 
ilitic, as indicated by positive serologic re- 
actions in 7. A positive history of syphilis 
was obtained in 1 case, but the serologic 
reaction was negative. The presence of 
radiopaque streaks in the buttocks con- 
firmed the fact that this patient had re- 
ceived antisyphilitic treatment. In one case 
necropsy confirmation was available. There 
were 8 classified as possibly syphilitic, and 
4 in which neither the clinical, serologic, 
nor necropsy changes indicated the pres- 
ence of syphilis. 
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Syphilitic Group. our of the 8 patients in 
this group were males. The age incidence 
varied from forty-five to seventy years, 
half being less than sixty vears. One patient 
had calcified aortic stenosis, verified at 


necropsy. 

Chest roentgenograms were available in 
all 8 cases. The calcification in the ascend- 
ing aorta was considered extensive in 55 
moderate in 1, and in 1 the calcification 
was represented only by a thin linear streak 
on the right anterolateral wall of the aorta. 
Those with extensive calcifications pre- 
sented segmental lime salt deposits, the 
plaques varied considerably in size and 
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Fic. 1. (4) Teleroentgenogram of the chest of 
a fifty-six year old woman with no cardio- 
vascular complaints. A positive history of 
syphilis was elicited, although the blood 
Wassermann reaction was negative. There 
is considerable calcification of the ascending 
aorta, with slight bulging and irregularity 
of the right lateral margin. (B) Left anterior 
oblique teleroentgenogram reveals dilata- 
tion of the ascending aorta with calcification 
of its anterior and posterior walls. The cal- 
cification extends into the proximal portion 
of the transverse thoracic aorta. A slight lo- 
calized bulge is noted at the junction of the 
anterior aspect of the ascending and proxi- 
mal transverse aorta. (C) Posteroanterior 


roentgen kymogram reveals normal ampli- 
tude of pulsation of the right lateral margin 
of the ascending aorta. 


merged with one another frequently. The 
diameter of the ascending aorta, measured 
on left anterior oblique or left lateral 
roentgenograms approximately at its mid- 
point, varied from 3.5 to 5.5 cm. When the 
calcification encircled the entire aorta, the 
diameter of the ascending aorta could be 
ascertained on overpenetrated frontal films 
as well. In 5 cases the ascending aorta 
measured from 5.0 to §.§ cm. in diameter. In 
one the diameter was 4.5 cm., and in the 
remaining 2 it was between 3.6 and 4.0 cm. 
In 5 cases the thickness of the wall of the 
ascending aorta could be measured. This 
varied from 3 to 6 mm., including the 


$7 
ye 
re 
=. 
n 
yt 
7 
il 
y 
h re 
4 
n 
n = 
; 
e 
e 
S 
yf 
e 


Bernard S. Epstein 


FepRuary, 1957 


Fic. 2. (4) Overpenetrated posteroanterior teleroentgenogram of a fifty-seven year old man with a positive 
reaction for syphilis in the blood. As seen in the frontal projection considerable calcification of the ascend- 
ing aorta extending into the transverse thoracic aorta is present. The right border of the aorta is not con- 
spicuous. However, the diameter of the aorta can be seen to be dilated because the medial border is visible 
to the left of the mid-thoracic spine. (B) Left anterior oblique roentgenogram reveals diffuse confluent 
calcification of the dilated ascending aorta. 


calcific layer, which in itself was from 1 to 
somewhat less than 3 mm. in thickness in 
the various patients. 

Calcifications were visible in the trans- 
verse thoracic aorta in 7 of the 8 cases. In 
4 the calcification was moderate, and in 
the remaining 3 it The 
aortic knob as seen on_posteroanterior 
teleroentgenograms was considered normal 
in I patient, slightly prominent in 4, and 
moderately prominent in 3. The diameter 
of the transverse thoracic aorta measured 
on left anterior oblique or left lateral 
teleroentgenograms varied from 3.5 to 
4.0 cm. 

Calcification of the descending thoracic 
aorta was observed in 4 cases. These were 
estimated as slight in 1, as moderate in 2 


was extensive. 


and as advanced in 1. No aneurysm of the 
descending thoracic aorta was identified in 
this series, the presence of such dilatation 
serving to eliminate the case from the 
present study. 

Probable Sy philitic Calcification of the 
Ascending Aorta. This group included 8 
patients varying in age from fifty-eight to 
eighty-one vears. Five were males. Negative 
serologic reactions for syphilis were ob- 
tained in all, and in none was there any 
clinical suggestion of syphilis. No valvular 
disease was present. Chest roentgenograms 
were available in all. The calcification of 
the ascending aorta was advanced in 6, and 
mild in the remaining 2. The lime salt 
deposits were segmental in those patients 
with mild calcification. When advanced, 
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the deposits were segmental, but often the 
plaques merged so that in 3 the ascending 
aorta was practically a uniformly calcified 
tube. The diameter of the ascending aorta 
was less than 4.0 cm. In § patients. In 2 it 
was from 4.5 to §.0 cm. in diameter, and in 
1 the diameter was 6.0 cm. The thickness 
of the aortic wall measured from the inner 
aspect of the calcification to the outer soft 
tissue shadow of the ascending aorta in 4 
cases varied from 2.5 mm. to 4.0 mm. The 
calcifications themselves measured from 1.0 
to 2.5 mm. in depth. 

Calcification of the aortic arch of pro- 
nounced degree was noted in 3 of these 
patients, 1 of whom had only moderate cal- 
cification of the ascending aorta. In 4 cases 
calcification of the transverse thoracic aorta 
was only moderate, and in 2 no calcification 
in this region was visible. The diameter of 
the arch of the aorta was below 3.5 cm. 
in § cases, and up to 4.0 cm. in the remain- 
ing 3. The aortic knob was considered to be 
moderatel} prominent in 2 cases. In 5 there 
was a slight degree of prominence, while in 
1 the shadow was entirely within normal 
limits. 

Calcification of the descending thoracic 
aorta of an advanced form was present in 
2 patients. In the remaining 6 very little 
such calcification was observed. 

Comment. It is difficult to make a 
definite diagnosis of syphilitic aortitis in 
these patients, the only change pointing 
toward a syphilitic origin being calcifica- 
tion of the ascending aorta. 

Against this is the absence of a positive 
history of syphilis, and negative serologic 
and clinical evidence of syphilis. The ab- 
sence of dilatation or only slight dilatation 
of the ascending aorta also points away 
from the possibility of a syphilitic origin 
for the ascending aortic calcification in this 
group. It is realized that a negative sero- 
logic reaction for syphilis i is by no means 
uncommon with aortitis. Perhaps addi- 
tional serologic investigations, such as the 
Treponema immobilization test, will help 
clarify this question.! 

Nonsy philitic Calcification of the 
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Kic. 3. Left anterior oblique roentgenogram of a sev- 
enty year old male patient with no cardiovascular 
complaints but with a positive history of syphilis. 
There is extensive calcification of the entire aorta, 
extending from the aortic valves to the distal de- 
scending thoracic aorta. No localized aneurysmal 
dilatation is visible. 


ing Aorta. There were 4 patients in this 
group, all between sixty and seventy years 
of age. males. In 1, a female 
sixty-two years of age, calcareous aortic 
stenosis was present. All of these individuals 
had chest roentgenograms, and the ob- 
servations were confirmed at necropsy. In 
the patient with aortic valve disease, the 
heart weighed 200 grams, and it was the 
opinion of the pathologist (Dr. David 
Grayzel) that the lesion was of rheumatic 
origin. The causes of death in these 4 re- 
spectively were leukemia, carcinoma of the 
rectum, cerebral embolus, and thrombosis 
of the subclavian artery following operation 
for carcinoma of the rectum. The serologic 
examinations for syphilis were negative in 
3 of the 4 cases, W hile in the fourth the test 
had not been performed. 
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Fic. 4. Left anterior oblique roentgenogram of a sev 
enty-eight year old woman with mild hyperten 
tion, but neither clinical nor serologic indications 
of syphilis. Note the extensive calcification of the 
ascending and transverse thoracic aorta. Only mild 
dilatation of the ascending aorta Is present. 


Postmortem examinations disclosed no 
luetic stigmata (Dr. David Grayzel, 3 
cases; Dr. James Berkman, 1 case). The 
appearance of the ascending aorta in these 
individuals was one of extensive athero- 
sclerosis with calcification. No tree-barking 
could be made out, and microscopic ex- 
amination of the tissues of the ascending 
aorta failed to reveal mesaortitis. 
While it is conceivable that syphilis had 
been present, one would have to presume 
that such changes had been completely 
eradicated, and there certainly was no 
evidence either in the history, in the physi- 
cal examinations, or at necropsy to support 
this supposition. 

Advanced calcification of the ascending 
aorta was noted in 2 cases, while in the 
other 2 the calcification was moderate. In 
the 2 cases with advanced calcification the 
lime salt deposits were of a segmental 
nature with confluence of the 
plaques so extensive that the ascending 
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aorta was rendered into a rigid tube, In 
the first case no calcification of the aortic 
arch or the descending thoracic aorta was 
seen, while in the second the calcification 
extended to involve the transverse and 
descending aorta. In the 2 cases with mod- 
erate calcification of the aorta, 1 had mod- 
erate calcification of the arch with no cal- 
cification in the descending thoracic aorta, 
The fourth had neither calcification of the 
arch nor of the descending thoracic aorta. 

The diameter of the ascending aorta in 
all 4 patients was 4.0 cm. or less. In 3 the 
aortic knob was slightly prominent. The 
diameter of the transverse thoracic aorta 
was 4.0 cm. or less in all 4. 

Roentgen Kymographic Examinations, 
Kymograms of the heart and great vessels 
were made in the posteroanterior and left 
anterior oblique projections in 4 patients 
with syphilitic aortitis. In 3 of these, the 
calcification of the ascending aorta was 


Postmortem roentgenogram of the heart and 


§. 
aorta of an eighty-one year old woman with no 
cardiovascular disturbance. There were no clinical 
nor serologic evidences of syphilis, nor were syph 
ilitic changes encountered at postmortem exam| 
nation (Dr. James Berkman). Note the extensive 
calcification of the entire aorta, most pronounced 
in the ascending and transverse thoracic portions. 
Advanced calcification of the coronary arteries 1s 
present. 
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extensive and in 1 moderate. In 1 patient 
extensive calcification of the transverse 
thoracic aorta was present, together with 
moderate calcification of the descending 
thoracic aorta. In the remaining 3 patients, 
the aortic knob showed only mild cal- 
cification. 

The roentgen kymograms in all 4 pa- 
tients showed definite pulsation of the 
ascending aorta and of the aortic knob. 
The movement of the aortic walls in 1 
patient with extensive calcification was 
synchronous with that of the left ventricle. 
At necropsy this patient was found to have 
an infarct involving the anterolateral 
aspect of the left ventricle. In this case it 
could not be determined whether the pul- 
sations of the ascending aorta were ex- 
pansile or transmitted. The movement of 
the aorta was opposite in phase to that of 
the left ventricle in the other 3 patients. 
By checking on the movements of the 
opposite walls of the aorta, particularly as 
seen in the left anterior oblique view, it was 
possible to observe the movement of the 
anterior and posterior walls in 2 patients. 
In 1 the opposite walls moved in opposite 
directions, so that the pulsations were con- 
sidered expansile. In the other the move- 
ment of the anterior and posterior walls 
was in the same direction at the same 
instant, so that the pulsation was con- 
sidered transmitted, and probably reflected 
the impulses produced by the entrance of 
blood into the aorta during ventricular 
systole. 

Comment. Maynard’ pointed out that 
for the roentgenologic diagnosis of syph- 
ilitic aortitis one required undoubted evi- 
dence that the patient had syphilis, that 
any other disease which might cause aortic 
dilatation was absent, and that the patient 
was younger than forty years of age. 
Dilatation of the aorta as demonstrated 
roentgenologically was considered an im- 
portant sign. A hollow accentuated aortic 
second sound and possibly a systolic mur- 
mur at the aortic area were also considered 
diagnostic. Steinberg and his co-workers’ 
investigated the angiocardiographic aspects 
of syphilitic aortitis, and concluded that 


dilatation of the mid-ascending aorta 
beyond 38 mm. was strong confirmatory 
evidence. They mentioned that irregularity 
of the lumen of the ascending aorta, varia- 
tion in its thickness and tortuosity of the 
aorta all might be observed with syphilitic 
aortitis. In the 51 syphilitic cases the 
diameter of the ascending aorta varied 
from 38 to 70 mm., with an average of 45.4 
mm. These authors commented that ab- 
normal dilatation of the ascending aorta 
might be observed with hypertension, 
rheumatic aortic valvular insufficiency, and 
coarctation of the aorta. They did not be- 
lieve that aortic dilatation above the upper 
limit of normal could be attributed to 
arteriosclerosis alone. The coexistence of 
hypertension and syphilis occasionally com- 
plicated the interpretation of dilatation of 
the ascending aorta. However, in their 
opinion, the absence of aortic dilatation 
did not in itself exclude syphilis. Included 
among their criteria was calcification of 
the ascending aorta, which was present in 
26.6 per cent of their 51 cases. 

In reviewing the data presented here, 8 
of the 20 patients undoubtedly had syph- 
ilis. Eight had neither clinical nor serologic 
evidence of syphilis but presented cal- 
cification of the ascending aorta. Four 
others had calcification of the ascending 
aorta with neither clinical, roentgenologic 
nor necropsy evidence of pre-existent 
syphilis. The last 4 are of particular interest 
inasmuch as they indicate that calcifica- 
tion of the ascending aorta may exist with- 
out demonstrable evidence of syphilis. In 
the group with syphilis, dilatation of the 
ascending aorta was common. In the doubt- 
ful group of 8 patients dilatation of the 
ascending aorta was observed in 3 patients, 
while in § no such definite dilatation could 
be observed. The diameter of the ascending 
aorta in all 4 patients with no evidence of 
syphilis was normal. 

CONCLUSION 

Inasmuch as it is well recognized that 
calcification of the ascending aorta is not 
in itself a manifestation of syphilitic infec- 
tion, the evidence presented here suggests 
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that infrequently calcification of the as- 
cending aorta may be of nonsyphilitic 
origin. Should the diameter of the ascend- 
ing aorta, particularly in elderly patients, 
be within normal limits, the possibility of 
a nonsyphilitic origin has to be considered. 
Should the diameter of the ascending aorta 
be above normal, a syphilitic origin is more 


likely. 


The Long Island Jewish Hospital 
270-05 76th Avenue 
New Hyde Park, Long Island, New York 
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PHLEBOGRAPHIC STUDY OF THE 
SUPERIOR VENA CAVA* 


By RAUL CICERO, M.D., and JOSE KUTHY, M.D. 


MEXICO D. F., MEXICO 


HE anatomic study of the vascular 
structures of the mediastinum is suc- 
cessfully carried out by angiocardiography. 
Phlebography is a useful procedure to study 
the pathology of the superior vena cava 
and the formation of a collateral circulation 


Fic. 1. Normal superior vena cava. Notice its posi- 
tion in the mediastinum and the uniformity of its 


contours. 


produced by pulmonary and mediastinal 


pathologic processes. 


Conventional roentgen examination of 


the chest gives only limited information re- 
garding the superior vena cava in normal 
and pathologic states, while mediastinal 


phlebography and angiocardiography are 


useful aids in determining the site and na- 


ture of the obstruction, as well as the pat- 
tern of the collateral circulation. Roswit, 
Kaplan and Jacobson’ mention phlebog- 
raphy as being of value in the diagnosis of 
the superior vena cava obstruction syn- 
drome in cases of bronchogenic carcinoma, 


ic. 2. Normal superior vena cava in a patient with 
far advanced pulmonary tuberculosis and chronic 
cor pulmonale. 


syphilitic aortic aneurysms, malignant lym- 
phomas, mediastinal fibrosarcomas, etc. 
These authors state that interruption of 
blood flow in the superior vena cava is ac- 
complished by the primary bronchial neo- 
plasm or invaded lymph nodes, mainly 
through external compression, occasionally 
by intraluminal invasion and rarely by 


* Fron the Departn ent of Chest Diseases (Pab, 27), Hospital General, México D Fk P México, Dire tor Prof, Dr, A. Celis. 
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Fic. 3. Superior vena cava in a left fibrothorax. It 
is pulled into the left hemithorax and is bent at 
the point of emergence from the innominate vein. 


actual thrombosis. As soon as the major 
venous trunks or their tributaries become 
affected, there develops a wide collateral 
circulation. The interesting features of this 
collateral circulation 
detail by McIntire and Sykes.° 

According to Roswit, Kaplan and Jacob- 
son’ clinical evidence of superior vena cava 


were described in 


obstruction is often absent. In their series of 


38 patients, angiography was performed 
before and after radiation therapy in 8 
patients and in all proved to be of value. 
The majority of their patients, however, 
when first seen were so seriously ill that 
even this relatively simple and safe diag- 
nostic procedure was contraindicated. 
Because of the rapidly rising incidence of 
bronchogenic carcinoma, the relative fre- 
quency of obstruction of the superior vena 
cava in the natural history of this disease, 
and the marked benefits which may be de 


Raul Cicero and José Kuthy 


FEBRUARY, 
rived from prompt treatment, phlebog- 
raphy 1s becoming of increasing impor- 
ance in the study of the superior vena cava. 

Jordan, et a/.,’ report a case of unsuspected 
superior vena cava obstruction detected by 
means of angiocardiography. Lindblom, 
and Gvozdanovi¢é and Oberhofer! stress 
the importance of mediastinal phlebogra- 
phy in the diagnosis of mediastinal tumors 
and syphilitic aortic aneurysms. Roberts, 
Dotter and Steinberg,® after a study of 
1,500 angiograms, add much to our knowl- 
edge concerning the superior vena cava in 
the normal and pathologic states. They 
mention the congenital alterations which 
can be detected by angiocardiography and 
point out that 78 per cent of the cases with 
superior vena cava obstruction are due to 
malignant tumors. Salén’ reports 3 
of superior vena cava obstruction and 


Cases 


ic. 4. Superior vena cava in a left-sided malignant 


mesothelioma. The superior vena Cava 1s displaced 
to the right. 
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points out that a collateral circulation is 
established through the thoracic wall veins, 
the azygos system and internal mammary 
veins. Kjellberg and Olsson* were able by 
means of phlebography to detect a sphinc- 
ter mechanism at the point of junction of 
the superior vena cava and pulmonary veins 
with the auricles. In a recent report, Stein- 
berg’ refers to a polypoid type of invasion 
of the superior vena cava in bronchogenic 
carcinoma cases, a sign which indicates 
inoperability. 

The purpose otf this paper is to call at- 
tention to the most import int types of 
alteration shown by means of phlebography 
in the superior vena cava, not only in 
demonstrating malignant neoplasms, but 
also from the anatomic point of view. Our 
study 1S based ona review of 1,224 angio- 
grams. 


Fic. 5. Complete stenosis of the superior vena cava 
In a case of mediastinal Hodgkin’s disease follow- 


ing prolonged radiation therapy. The 
catheter level of the 
hilus. 


tip of the 


Is seen at the pulmonary 


Phlebographic Study of the Superior Vena Cava 


The contrast medium 


Kic. 6. Same case as Figure 5. 
was injected through the external jugular vein. 
There is wide collateral circulation through the 


prevertebral and intercostal veins. The superior 
vena cava Is reduced to a very narrow channel in its 
upper portion and is completely stenosed in its 
lower portion. 


FINDINGS 


Changes in the Position of the Superior 
Vena Cava. The superior vena cava follows 
the mediastinum in its position. Any 
changes in the position of the mediastinum 
due to pulmonary or extrapulmonary 
alterations will change the position of the 
superior vena cava. The normal superior 
vena cava as detected by phlebography 
is situated at the right border of the verte- 
bral column (Fig. 1 and In cases with 
pulmonary extensive pachy- 
pleuritis (fibrothorax, organized empyema, 
old pneumothorax or hemothorax), the 
superior vena deviated towards 
the affected side, and in cases with disease 
on the left side, it can be seen on the left 
side of the vertebral column. In some cases, 


fibrosis or 


Cava 1s 
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Fic. 7. Upper mediastinal tumor (aneurysm of the 
arch of the aorta) compressing the right innomi- 
nate vein. There is a wide collateral circulation in 
the shoulder. The superior vena cava is bent and 
displaced to the left. 


the superior vena cava can be seen bending 


in its upper portion and close to the point of 


emergence from the innominate vein (Fig. 
3). When there is a pathologic process which 
displaces the mediastinum into the right 
hemithorax, the superior vena cava 1s 
found to be clearly on the right side, as was 
the case in a diffuse mesothelioma of the 
pleura in which the mediastinum was found 
to be deviated to the right (Fig. 4). These 
changes in the position of the superior 
vena cava do not affect its anatomic in- 
tegrity, reflecting only 
topography. 

Obstructive Processes of the Superior Vena 
Cava. Among those pathologic processes 
which affect the superior vena cava by com- 
pression, invasion or collapse of its walls, 
the most important are: 

1. Formation of a scar tissue following 
prolonged radiation therapy. Complete 


changes in its 
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stenosis of the superior vena cava after 
roentgen therapy in cases of Hodgkin’s 
disease, lymphoma or lymphosarcoma have 
been reported (Fig. 5 and 6). The patho. 
genesis of this process is not clear. It may 
well be that the fibrous scar tissue which 
has developed in the mediastinum com- 
presses the superior vena cava, or that the 
fibrous process has affected the walls of 
the vein itself. 

2. Compression of the superior vena 
cava due to tumors of the superior me. 
diastinum (aneurysm, dermoid cyst, lym- 
phosarcoma) and rarely by lymph node 
enlargement. This compression of the 
superior vena cava Is usually slow and pro- 
gressive, permitting the formation of a 
wide collateral circulation. This varies ac- 
cording to the site of compression. If it is 
in the upper portion of the superior vena 
cava (compression of the innominate vein), 
the collateral circulation is unilateral and 


Fic. 8. Bronchogenic carcinoma of the upper right 
bronchus (Pancoast type). The superior vena cava 
is slightly narrower than normal. 
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localized in the shoulder and upper portion 
of the corresponding hemithorax (Fig. 7). 
If the obstruction is localized above the 
azygos vein, the collateral circulation will, 
in most cases, be bilateral, and if the ob- 
struction is located below the azygos vein, 
the collateral circulation will be both thor- 
acic and abdominal. 

3. Invasive processes of the superior 
vena cava. Most important of these is 
bronchogenic carcinoma, mainly of the 
right upper lobe bronchus. In an early stage 
and when the pleura is not invaded, it is 
possible to find a normal superior vena 
cava; In more advanced stages the car- 
cinoma may invade and stenose the vessel, 
either through direct extension or by com- 
pression by the primary neoplasm or the 
metastatic lymph nodes. 

In most cases of bronchogenic carcinoma 
arising in the upper lobe bronchus, the 
superior vena cava is diminished in its 
caliber just above the upper lobe bronchus 


Fic. 9. Cylindric type of stenosis of the superior vena 


cava in a right upper lobe bronchogenic carcinoma. 
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Fic. 10. Infundibular type of stenosis of the superior 
vena cava due to a carcinoma of the right main 
bronchus. Note that the external jugular vein is 
markedly dilated. 


(Fig. 8). This finding indicates inoperabil- 
ity. In more advanced cases, the stenosis 
may be cylindric, involving a larger portion 
of the superior vena cava (Fig. 9). Some- 
times the stenosis is found to be concentric, 
in an hour glass fashion (Fig. 10) even 
though the roentgen appearance may be 
that of a relatively recent cancer. This 
type of stenosis has been encountered in 
cases of very malignant and _ invasive 
neoplasms. 

In other cases the bronchogenic tumor 
protrudes outwards and invades the super- 
ior vena cava close to the upper lobe 
bronchus. In these instances a_ polypoid 
defect will be shown in the superior vena 
cava, just above the involved bronchus 
(Fig. 11). 

In all of these cases surgery is not indi- 
cated. We think that these signs, demon- 
strated somewhat early in the course of the 
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Fic. 11. Polypoid invasion of the superior vena cava 
(adenocarcinoma of the right 
bronchus). Thoracotomy performed 
had shown an extensive mediastinal lymph node 
invasion. 


upper lobe 


previously 


Fic. ye ® Complete obstruction of the superior vena 


cava probably due to thrombosis. The left com- 
mon trunk of the superior intercostal veins is 
opacified. 
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Fic. 13. Same case as Figure 12, lateral view. The 
lateral phlebogram shows the intercostal veins 


branching off a common trunk and absence of the 
superior vena cava 


disease, are of the greatest importance. 

4. Intrinsic obstruction of the superior 
vena cava 1s rare; however, cases have 
been reported caused by thrombosis of the 
superior vena cava. This was the case in 
one of our patients (Fig. 12 and 13). In 
some instances a thrombus in the hepatic 
veins may extend to the superior vena Cava. 

Finally, the superior vena cava may be 
the site of congenital alterations, the most 
important of which are stenosis and con- 
genital absence. 


SUMMARY 


A study of 1,224 angiograms was made 
in order to determine what important ab- 
normal changes, due to disease processes, 
occur in the superior vena cava. 

Mention is made of phlebography as a 
useful procedure for study of the pathology 
of the superior vena cava and of the forma- 
tion of a collateral 
about by pulmonary and mediastinal path- 


circulation brought 
ologic processes. 

Obstructive processes ot the superior 
vena cava are frequent, the most impor- 
tant being those due to bronchogenic car- 
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cinoma (mainly of the upper right bronchus). 

The signs of obstruction as demonstrated 

by phlebography early in the course of the 

disease are of the greatest importance. 

Ratl Cicero, M.D. 

Unidad de Neumologia 

Pab. 27, Hospital General 

México 7, D. F. 

México 
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THE ARTERIES OF THE ABDOMEN, 
PELVIS, AND THIGH* 


I. NORMAL ROENTGENOGRAPHIC ANATOMY 


Il. COLLATERAL CIRCULATION IN OBSTRUCTIVE. 
ARTERIAL DISEASE 


By ROBERT F. 


MULLER, M.D., and MELVIN M. FIGLEY, M.D.7 


ANN ARBOR, MICHIGAN 


HE frequent use of translumbar aortog- 
raphy for the detection of renal ab- 
normalities*:* and obstructive arterial 
disease!!:*!.22.3°.32 has stressed the need for a 
detailed description of the normal roent- 
genographic anatomy of the arteries of the 
abdomen and pelvis. Since no such detailed 
account is available, a study was under- 
taken of 182 technically satisfactory aorto- 
graphic examinations in 173 patients per- 
formed at the University of Michigan 
Hospital. An attempt was made to identify 
every artery visualized in these aorto- 
grams. Simultaneous observations and dis- 
sections in the anatomy laboratory were 
of great value in the identification and 
localization of the majority of arteries 
described in standard anatomy texts. 
Although numerous reports emphasize 
the value of aortography in delineating 


obstructive arterial disease, only one!® of 


these includes a systematic account of the 
visible collateral circulation around the 
major sites of occlusion. This deficiency 
provided the incentive for an additional 
detailed study of the collateral circulation 
occurring in about 151 obstructions seen in 
gI patients. 


PART I. NORMAL ROENTGENOGRAPHIC 


ANATOMY 

The characteristic position, size, and 
distribution of the principal arteries of the 
abdomen and pelvis as they usually are ob- 
served in aortograms are illustrated in Fig- 
ure 1 and Figure 2. Many variations of nor- 
mal occur to alter the course, caliber, and 
positions of these vessels. These diagrams, 


therefore, are a guide to the usual and are 
not applicable to all cases. Some of the more 
constant anatomic and roentgenographic 
findings, as well as a few of the variations of 
the normal which have been 
roentgenographically, are discussed below. 
Representative normal 
illustrated in Figures 3, 4 and ¢. 


observed 


aortograms are 


rHE ABDOMINAL AORTIC BRANCHES 


The celiac 


Ventral Unpaired Branches. 


artery characteristically arises from the 
aorta at L-1 and promptly divides into the 
splenic artery, its largest division, the 
hepatic artery, intermediate in size, and 


the left gastric artery, the smallest of the 
terminal branches. The splenic artery is 
easily recognized by its large size and 
markedly tortuous course in the left upper 
quadrant of the abdomen. It provides the 
dorsal pancreatic artery close to its origin, 
the pancreatica magna artery 
along its course, and the left gastroepiploic 
artery just proximal to its division into 
terminal small 
gastric arteries may arise from the superior 
terminal branch to supply the fundus of the 
stomach. The numerous branches of the 
splenic artery are all small in caliber and 
visualized only infrequently. The 
hepatic artery, the second of the celiac 
divisions, can easily be traced proximalls 
from its terminal arborizations in the liver. 
Close to its origin, the common hepatic 


midway 


branches. Several short 


are 


provides a small right gastric artery and 
slightly more distally a larger gastroduo- 
denal artery. Both of these vessels arise 
nearly at right angles to the hepatic artery. 


* From the Departments of Radiology and Anatomy, University of Michigan Medical] School, Ann Arbor, Michigan 


T John and Mary R. Markle Scholar in Medical Science. 
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Fic. 1. The arteries of the abdomen. 


No. Artery 


I, intercostals 


2. subcostals 
+ 

4. 
splenic 
6. 


lumbar 
celiac 


dorsal pancreatic 


pancreatica magna 

. terminal branches to spleen 
. short gastric 

left gastroepiploic 

. left gastric 

. esophageal 

. common hepatic 

right gastric 

. gastroduodenal 

. anterior superior pancreaticoduodenal 
. right gastroepiploic 

. right hepatic 

. left hepatic 


N 0 


ne 


we Ww 


Artery 


cystic 

. superior mesenteric 

. inferior pancreaticoduodenal 
. inferior pancreatic 

. middle colic 


intestinal 


° ileocolic 


right colic 


28. appendiceal 


inferior mesenteric 
left colic 


. sigmoid 


renal 


}. accessory renal 

. inferior phrenic 

. superior suprarenal 
. middle suprarenal 


inferior suprarenal 
internal spermatic 
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Kic. 2. The arteries of the pelvis. 


No. Artery 

1. superior hemorrhoidal 
2. middle sacral 
common iliac 

4. external iliac 

S$. inferior epigastric 
6. deep circumflex iliac 
hypogastric 

8. iliolumbar 

g. lateral sacral 

10. superior gluteal 

11. inferior gluteal 

12. internal pudendal 


The right gastric artery appear to 
course superiorly or inferiorly, depending 
upon the position of the stomach at the 
time of filming. Occasionally, it arises 
distal to the gastroduodenal artery. The 
gastroduodenal artery provides the pos- 
terior superior pancreaticoduodenal artery 


may 


Vo. Artery 

13. middle hemorrhoidal 
14. obturator 

uterine 

16. vesical 

17. superficial epigastric 


18. common femoral 


ig. external pudendal 
20. profunda femoris 
21. superficial femoral 
22. perforators 


lateral femoral circumflex 


24. medial femoral circumflex 
25. superficial circumflex iliac 


near its origin and then descends to bifur- 
cate into its two terminal branches, the 
small anterior superior pancreaticoduo- 
denal artery and the larger right gastro- 
epiploic artery. The latter vessel courses in 
serpentine fashion across the abdomen 
along the greater Curvature of the stomach 
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Normal 


gastric artery (1) is particularly well shown. 


Fic. 3. abdominal aortogram. The left 


to meet the left gastroepiploic artery aris- 
ing from the splenic artery. Terminally, 
the hepatic proper divides into the left and 
right hepatic arteries, the latter usually 
providing the cystic artery. The left gastric 
artery, the third branch of the celiac artery, 
is frequently difficult to identify hecause 
of its close proximity to the contrast-filled 
aorta and because of its inconstant posi- 
tion, varying of necessity with differing 
types and positions of the stomach. It 
sometimes may be seen giving origin to 
small esophageal arteries in the most supe- 
rior portion of its arch, and, occasionally, it 
provides an replacing left 
hepatic artery.2’ The inferior pancreatic 
artery usually arises as a branch of the 
dorsal pancreatic artery,*! but this vessel 
is rarely identified 

The superior mesenteric artery 
I-2 cm. below. the origin and 
promptly provides the seldom-visualized 
inferior pancreaticoduoden: al arteries. Its 
first major branch is the large middle colic 
artery, which is extremely variable in its 


accessory or 


arises 
celiac 
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position and often difficult to identify in 


the normal state. An accessory right 
hepatic artery, or even the common 
hepatic artery, may arise infrequently 


from the superior mesenteric artery close 
to its origin. Further distally, a variable 
number of intestinal branches originate 
and form a fanlike ramification covering 
the entire lower abdomen. The main stem 
of the superior mesenteric artery courses 
obliquely, inferiorly, and to the right from 
its origin to the right lower quadrant where 
it terminates, providing the right colic, 
ileocolic, and appendiceal arteries. The 
right colic artery is often absent. 

The inferior mesenteric artery, much 
smaller than the superior mesenteric, origi- 
nates approximately at L-3 and descends 
usually to the left of the aorta to terminate 
as the superior hemorrhoidal artery in the 
true pelvis. In its course it provides the 
readily identified left colic artery, which 
follows a smooth curvilinear course to the 
splenic flexure and an inconstant number 
of branches to supply the sigmoid colon. 

Paired Lateral Branches. The paired 
lateral branches include the inferior phrenic 
arteries, the suprarenal arteries, the renal 
arteries, and the internal spermatic (ovar- 
ian) arteries. The inferior phrenic arteries 
appear to arise from the aorta just lateral or 
superior to the celiac axis and run sharply 
superiorly along the crura of the diaphragm 
to divide into two terminal branches. The 
suprarenal arteries are derived from three 
sources, the superior suprarenals from the 
inferior phrenic arteries, the middle supra- 
renals from the aorta, and the inferior 
suprarenals from the left and right renal 
arteries. These vessels are extremely vari- 
able in size and number; they frequently 
are impossible to identify. The renal arter- 
ies arise nearly opposite each other from 
the lateral portion of the aorta at the 
lower margin of L-1 or the body of L-2 
Accessory renal arteries are commonly en- 
countered (23 per cent'*), more often on the 
left side. Immediately below the renals, the 
internal spermatic 
often seen. 


(ovarian) arteries are 
These are easily recognized by 
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Fic. 4. Accidental selective injection of the celiac axis. The three major divisions of the celiac axis are easily 
identified. The trunk of the superior mesenteric artery is not opacified, although its terminal branches are 
well filled. The gastroduodenal artery (1) provides the posterior superior pancreaticoduodenal artery (2), 
and ‘then bifurcates to form the right gastroepiploic artery (3) and the anterior superior pancreaticoduo- 
denal artery (4). The pancreatica magna (5), branch of the splenic, and the inferior pancreatic artery (6) 
and the middle colic artery (7), branches of the superior mesenteric artery are well filled. The remaining 
arteries lying below the right gastroepiploic artery are intestinal branches of the superior mesenteric artery. 


their curvilinear course and lack of branch- 
ing. They occasionally arise from the renal 
arteries. 

Segmental Branches. The segmental 
branches include the subcostal arteries and 
four pairs of lumbar arteries. The latter 
are most easily identified by their deep 
posterior divisions coursing through the 
paravertebral muscles to the back. Seen in 
axial view, these appear as a circular area 
of increased density immediately adjacent 
to their corresponding vertebral bodies. 


ARTERIES OF 

The common iliac arteries arise as 
terminal branches of the abdominal aorta, 
usually opposite L-4, and, devoid of other 
branches, bifurcate to form the external 
iliac arteries and the hypogastric arteries. 
Krom the aorta at its bifurcation, a small 
middle sacral artery can sometimes be 
identified running inferiorly along the 
sacrum near the midline. 

The external iliac artery, in its smooth 
curved course across the pelvis, gives rise, 
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immediately proximal to the inguinal liga- 
ment, to the inferior epigastric artery which 
courses superiorly and medially and to the 
deep circumflex iliac artery which courses 
superior!) and laterally. 

The common femoral artery gives origin 
laterally to a small superficial circumflex 
iliac artery and medially to the superficial 
epigastric artery and to the deep and super- 
ficial external pudend: al arteries. It is im- 
possible to accurately identify members of 
this latter group, since the vessels are all of 
small caliber and are superimposed upon 
each other. 

The common femoral artery terminates 

dividing into the superficial femoral 
artery and the profunda femoris (Fig. 16). 
The former appears to be the direct con- 
tinuation of the common femoral, descend- 
ing in a long smooth curve in the medial 
portion of the thigh, providing several 
muscular branches and the highest genicu- 
lar artery (anastomotica magna) in the 
proximal adductor canal. The profunda 
femoris courses laterally and _ inferiorly, 
providing near its origin the small medial 
circumflex and the larger lateral circumflex 
arteries. The latter vessel divides into a 
small superior branch which ascends lateral 
to the ilium and a larger inferior branch 
which descends to the knee along the lateral 
portion of the femur. A transverse branch 
supplying the region of the greater tro- 
chanter is sometimes identified. The main 
trunk of the profunda femoris descends 
laterally, giving off an inconstant number 
of perforating branches. 

The branches of the hypogastric artery 
are extremely variable and unpredictable. 
Division of the hypogastric into an anterior 
and a posterior trunk is commonly ob- 
served anatomically, but difficult to iden- 
tify roentgenographically. Initially, the 
posterior trunk provides one or two lateral 
sacral arteries which then subdivide to 
send segmental branches to each of the 
sacral foramina. Slightly more distally, the 
iholumbar artery arises and courses super- 
iorly, dividing into a lumbar and an iliac 
branch, the latter following closely the 
crest of the ilium. The remainder of the 


Fic. 5. Normal pelvic arteriogram. 


posterior trunk is continuous as the supe- 
rior gluteal artery which passes laterally 
through the greater sciatic notch to supply 
the buttocks. 

The remaining arteries of the pelvis arise 
from the anterior trunk. The identification 
of these vessels is accomplished largely by 
tracing their courses proximally from their 
areas of distribution peripherally. The 
obturator artery can usually be identified 
by its terminal branches encircling the 
obturator foramen and by its pubic branches 
crossing the symphysis pubis. In 37 per 
cent of cases,?’ the obturator arises from the 
inferior epigastric artery, the deep cir- 
cumflex iliac artery, or directly from the ex- 
ternal iliac artery, and as such is known as 
an aberrant obturator. The internal pu- 
dendal artery characteristically crosses 
the obturator foramen below the obturator 
artery and may be identified by its terminal 
scrotal or labial branches. The inferior 
gluteal artery may arise in common with 
either the superior gluteal artery or the 
internal pudendal artery. It courses in- 
feriorly and laterally and characteristically 
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Fic. 6. The proximal site of obstruction in 151 ar- 
terial thromboses. The natural 
arterial obstruction is not represented since the 
entire arterial tree was not examined in every case. 


runs superimposed over the femoral neck 
in much the same position as one sees 
metallic orthopedic nails used in the inter- 
nal fixation of femoral neck fractures. The 
middle hemorrhoidal artery and the vesical 
arteries are small branches of the hypo- 
gastric artery, inconstant in their position 
and virtually impossible to identify ac- 
curately. The uterine artery, when present, 
may be identified arising high from the 
anterior trunk and terminating medially in 
a tortuous coiled network of vessels, the 
azygous arteries of the vagina and uterus. 
(See Borell and Fernstrom’). 


PART II. COLLATERAL CIRCULATION IN 
OBSTRUCTIVE ARTERIAL DISEASE 
The account of Leriche!’ in 1940 was the 
first of numerous reports describing throm- 
botic obliteration of the aortic bifurcation. 
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E.ver-increasing use of translumbar aortog- 
has demonstrated a previ- 
ously unsuspected frequency of segmental 
occlusive disease in this and other major 
arteries. These circumstances have stimu- 
lated the development of a variety of 
methods for the treatment of obstructive 
arterial disease, namely, lumbar ganglion- 
ectomy,'**© aortectomy,*®!° 


thrombo- 
arterial’:1617.28 and 
venous grafting,’ and insertion of plastic 
prostheses. 

In the surgical treatment of obstructive 
arterial disease, it 1s desirable to know be- 
fore operation (1) the level and extent of 
the arterial block, (2) the disease status of 
adjacent main-channel vessels, and (3) the 
adequacy and distribution of collateral 
circulation. Properly executed aortography 
can provide all this information. 

As previously indicated, 151 arterial ob- 
structions in gI patients were available for 


Fic. 7. Aortic obstruction just below the renal ar- 
(arrows). 


Principal collateral circulation 
arises in the middle colic artery (1) and passes 


teries 


to the left colic branch (2) of the inferior mesen 
teric artery (3) to enter the aorta below the_block 
(4). 
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study. Thirty-one of these obstructions 
were incomplete, but all were severe, the 
majority having demonstrable collateral 
circulation. All the visible routes of col- 
lateral circulation around the major sites 
of obstruction were tabulated and will be 
described, but no reliable statistical analy- 
sis of the frequency of their development 
is possible because of the varying complete- 
ness of their filling. The distribution of the 
obstructions and their tendency to extend 
distally from the origin of major arterial 
branches is illustrated in Figure 6. Al- 
though not shown in this diagram, they 
characteristically terminate at the origin 
of a large vessel below, which is always an 
important part of the collateral circula- 
tion. 

Aortic Obstruction. (1g complete; 2 in- 
complete). Of the complete aortic obstruc- 
tions, 10 were immediately distal to the 
origin of the renal arteries, while g were at 
or distal to the origin of the inferior mes- 
enteric artery. In all but 4 cases, the block 
extended at least to the bifurcation of the 
common iliac arteries; in a single case the 
lower level of the block was proximal to the 
origin of the inferior mesenteric artery. 

When the level of block is above the 
inferior mesenteric artery, the predom- 
inant collateral pathway is the middle 
colic branch of the superior mesenteric 
artery leading to the left colic branch of 
the inferior mesenteric artery. From this 
artery, blood may return to the aorta if the 
origin of this vessel is patent (Figure 7), or, 
as Is much more common, blood flows dis- 
tally to the hemorrhoidal arteries and then 
to the hypogastric artery because the origin 
of the inferior mesenteric artery is above 
the lower level of the block. However, when 
the aortic block is distal to the origin of 
the inferior mesenteric artery, the middle 
colic artery is not involved, and blood is 
routed directly from the inferior mesenteric 
to the superior hemorrhoidal artery and its 
anastomoses with the middle and inferior 
hemorrhoidal arteries of the hypogastric 
system (Fig. 8). The vessels forming these 
channels are frequently dilated to two or 
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Fig. 8. Aortic obstruction just below the inferior 
mesenteric artery (1). This artery and its superior 
hemorrhoidal branch (2) are grossly enlarged. 
The latter vessel provides extensive anastomoses 
in the perirectal tissues. Through one such anas- 
tomosis, retrograde flow through the middle 
hemorrhoidal artery (3) fills the left inferior gluteal 
artery (4). 


three times their normal caliber, and, in 
most cases, appear to provide the principal 
collateral circulation. These vessels are well 
illustrated in Albanese e¢ a/.,! Price and 
Wagner,*® and Lindstrom.”! 

Other significant collateral circulation 
arises in the segmental arteries, the inter- 
costal (Fig. 9) and lumbar arteries (Fig. 10) 
in the posterior body wall. These anastomose 
with the deep circumflex iliac branch of 
the external iliac artery and with the ilio- 
lumbar and superior gluteal branches of the 
hypogastric artery. Although notching of 
the lower ribs has not yet been observed, 
it might be expected secondary to the en- 
largement and tortuosity of the intercostal 
arteries. On a single occasion, small intra- 
luminal radiolucent defects were present at 
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Fic. Q. Aortic obstruction. The dilated, tortuous, 


intercostal arteries (arrows) are well filled. The 
hepatic artery and its branches and the right renal 
artery are easily identified. Intercostal collaterals 
are well illustrated by Elliott and Peck. 


the expected point of origin of the inferior 
epigastric arteries (Fig. 10). We believe 
these are “mixing defects” representing 
the entrance of nonopacified blood arising 
in the internal mammary arteries and flow- 
ing retrograde through the inferior epigas- 
tric vessels to the external iliac arteries, 
much the same as it does in congenital 
coarctation of the aorta. 

The adaptability of these segmental ar- 
teries is decisively shown in their striking 
reduction in size following thromboend- 
arterectomy (Fig. 11). 

Common Iliac Obstruction (14 complete; 
16 incomplete). Obstructions of the com- 
mon iliac arteries were isolated without 
evidence of occlusion above or below this 
level in 14 of 24 patients. In 6 of 24 pa- 
tients, the obstruction was bilateral. The 
frequent observation of isolated blocks at 
this level and the general tendency of 
aortic obstruction to extend into these ves- 
sels supports previous reports!*?° that 
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aortic obstruction frequently begins in the 
common iliac arteries and extends supe- 
riorly. Of the 14 complete obstructions, 8 
extended to the bifurcation of the common 
iliac, and the remaining 6 extended for an 
unknown distance, presumably further 
distally. (Unless collaterals fill the main 
stem arteries beyond the distal extent of 
the block, it is not possible to determine 
the exact length of the obstruction. This 
was true in many of our cases.) Of the in- 
complete obstructions, all but 2 were lo- 
cated either at the origin of the common 
iliac artery or at its bifurcation. 

As with aortic obstruction, the principal 
collateral paths are the inferior mesenteric 
artery through its superior hemorrhoidal 
branch to the middle and inferior hemor- 
rhoidal arteries of the hypogastric system 
and lumbar anastomoses with the iliolum- 
bar artery, the superior gluteal artery, and 
the deep circumflex iliac artery. When the 
block is unilateral, significant collateral 
circulation between the various 
branches of the hypogastric and their fel- 
lows of the opposite side. Of these, the 
lateral sacral anastomoses (Fig. 12 and 14) 
and the obturator (pubic 
branches) are the most significant (Fig. 14). 
Less frequently observed are those between 
the internal pudendal arteries (Fig. 13) and 
the middle hemorrhoidal arteries. In iso- 
lated cases, collateral paths were observed 
between the middle and lateral sacral ar- 
teres. 

Hy pogastric Obstruction (13 complete; 2 
incomplete). Obstructions of the hypo- 
gastric artery invariably were associated 
with obstructive lesions elsewhere, princi- 
pally in the common iliac and external iliac 
arteries. In only 2 of 12 patients was the 
obstruction bilateral. Since no examples of 
isolated hypogastric occlusion were en- 
countered, the collateral circulation which 
was observed necessarily provided blood 
around two or more areas of obstruction, 
making evaluation of the specific collateral 
for the hypogastric block somewhat inac- 
curate. However, no new collateral paths 
were discovered, and most of the collaterals 
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Fic. 10. Terminal aortic obstruction. Extensive anastomoses are present between the third (1) and fourth 
(2) lumbar arteries and between these lumbar arteries and the iliolumbar (3) and superior gluteal arteries 
(4). The arrows indicate “mixing defects.”’ See text. 


Fic. 11. Terminal aortic obstruction. (4) Preoperative aortogram demonstrating enlarged second lumbar 
arteries (1) and anastomoses between the third (2) and fourth (3) lumbar arteries and the iliolumbar ar- 
teries (4). (B) Aortogram four months following bilateral lumbar ganglionectomy and thromboendarter- 
ectomy demonstrating patency of the aorta and common iliac arteries. The regression in size of the second 
lumbar artery (upper arrow) and the iliolumbar artery (lower arrow) is remarkable. 
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Fic. 12. Common iliac obstruction. (4) Preoperative aortogram demonstrating opposing lateral sacral 
anastomoses (central arrows). Notice the aberrent obturator artery (lower arrow). (B) Aortogram three 
months following left lumbar ganglionectomy and thromboendarterectomy. The common iliac artery is 
patent, and the lateral sacral anastomoses are no longer evident. 


discussed and illustrated above under com- 
mon iliac obstruction were represented. 

External [liac Obstruction (6 complete; 6 
incomplete). As was the case with the hypo- 
gastric artery, obstruction of the external 
iliac artery was always associated with 
arterial block elsewhere. In all instances, 
the obstruction was unilateral and with 
one exception began at the origin of the ex- 
ternal iliac artery. 

The main collateral pathways are the 
superior gluteal to the lateral femoral cir- 
cumflex artery and the obturator to the 
medial femoral circumflex artery. Of less 
importance are anastomoses between the 
inferior gluteal and the medial femoral cir- 


cumflex artery and from the lumbar and 
iliolumbar arteries to the deep circumflex 
iliac artery. 

Common Femoral Obstruction (§ com- 
plete; 3 incomplete). Obstruction of the 
common femoral artery was usually associ- 
ated with obstruction at other levels, and 
was bilateral in 1 of 7 patients. However, 
the obstruction of the common femoral it- 
self was frequently a short segmental block 
less than 5 cm. long. 

Numerous collateral pathways are pro- 
vided in common femoral obstruction. The 
most important of these is the inferior 
gluteal artery anastomosing with the pro- 
funda femoris (Fig. 15). In some cases, this 
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collateral vessel could be definitely traced 
to the medial femoral circumflex artery, but 
in others, the branch of the profunda fem- 
oris making the anastomosis could not be 
accurately named. Anastomoses between 
the obturator and the medial femoral cir- 
cumflex artery are also frequently seen, 
while anastomoses between the superior 
gluteal and the lateral femoral circumflex 
artery are less frequently observed. Visible 
collateral sometimes exists between the 
terminal scrotal and labial branches of the 
internal pudendal artery and unidentifiable 


Fic. 13. Left common iliac obstruction. Anasto- 
moses of opposing pubic branches of the obturator 
arteries (upper arrow) and opposing internal 


pudendal arteries (lower arrow) are well demon 
strated. The position of the needle has resulted in 
fortuitously gor d opacification of the left internal 
spermatic artery (1). 
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Fic. 14. Incomplete left common iliac and complete 


left hypogastric obstruction. The terminal 
branches of the left hypogastric artery fill by 
anastomoses between the opposing lateral sacral 
arteries (upper arrow) and the opposing pubic 
branches of the obturator arteries (lower arrow). 


small collateral vessels in the medial por- 
tion of the thigh, possibly the external 
pudendal branches of the common femoral 
artery below the obstruction. 

Most anatomic texts mention the “‘cruti- 
ate anastomosis” in relation to blocks of the 
external iliac and common femoral arteries. 
A limited search did not disclose the source 
of this term nor uniform description of 
the vessels forming this anastomosis, al- 
though most authors emphasize the inferior 
gluteal and its connections with the lateral 
femoral circumflex artery and first perforat- 
ing divisions of the profunda femoris.?:? We 
consider the cruciate anastomosis to be 
illustrated in Figure 15. 

Superficial Femoral Obstruction (§9 com- 
plete; 1 incomplete). Obstruction of the 
superficial femoral artery was bilateral in 


| 4 q 

| ¥; 

is 
3 
d 
bas 

d 
k 
e 
)- 


femoral obstruction. The ob- 
struction extends from the origin of the common 
femoral artery (upper arrow) into the distal super- 
ficial femoral artery (not shown), sparing the 
profunda femoris (lower arrow). Visible collateral 


Fic. 15. Common 


is present between the superior gluteal artery (1) 
and the lateral femoral circumflex artery (2), be 
tween the obturator artery (3) and the medial 
femoral circumflex artery (4), and between the 
inferior gluteal artery (5) and the profunda femoris. 


18 of 42 patients, and was associated with 
obstructive lesions elsewhere in 15 of the 
42 patients. Of the 59 complete blocks, 
28 occurred at the origin of the superficial 
femoral, I$ of these extending to the ad- 
ductor canal and the remaining 13 extend- 
ing for an unknown distance. Of the 17 
complete obstructions originating in the 
mid-portion of the superficial femoral 
artery, 8 extended to the adductor canal 
while the remaining 9 extended for an un- 
known distance. The remaining 14 com- 
plete obstructions originated in the ad- 
ductor canal, and their length was not 
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Feprvary, 
ascertained. As may be appreciated from 
these figures, superficial femoral artery ob- 
struction is comparatively lengthy, ap- 
parently because this vessel is devoid of 
large branches. 

The collateral circulation in these cases 
is provided exclusively by the profunda 
femoris. At times the large bridging path- 
ways (Krahl’s “‘vital detours’'*) can be 
identified as perforators, or the descending 
branch of the lateral femoral circumflex 
artery connecting with large muscular ar- 
teries near the adductor canal (Fig. 16), A 
frequently observed vessel of the latter 
type, the highest genicular artery (anas- 
tomotica magna), enters the main chan- 
nel at about the level of the adductor 
canal. At other times, the profunda femoris 
supplies an extensive network of nameless 


Fic. 16. Superficial femoral obstruction. The right 
superficial femoral artery is occluded from its ori- 
gin to the adductor canal. The profunda femoris 


(1) provides numerous large muscular branches 
(2) which bridge the obstruction and join the 
superficial femoral artery in the adductor canal 
through the highest genicular artery 
motica magna) (3) and other nameless arteries 
below. 
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smaller vessels terminating in muscle. For 
further information, the reader is referred 
to Krahl’s more extensive study of collat- 
eral circulation in this area.'® 

Deep Femoral Obstruction (2 complete; 1 
incomplete). It has previously been re- 
ported that obstruction of the profunda 
femoris is rare.”> The current series supports 
this observation. In each case the block of 
the profunda femoris was associated with 
obstructions elsewhere, and in 2 of the 3 
patients, there was adjacent superficial 
femoral obstruction. No collateral circula- 
tion was observed in any of the cases due 
to inadequate arteriography. 

Visceral Artery Obstruction (2 complete). 
Except for the following 2 patients, no con- 
vincing evidence of complete visceral ar- 
terial obstruction was observed. In these, 
the origin of the superior mesenteric artery 
was never visualized. In both, the proximal 
portion of the inferior mesenteric artery 
and its left colic branch were enlarged and 


Fic. 17 


. Superior mesenteric arterv obstruction. See 
text. Collateral circulation arising in the inferior 
mesenteric artery (1) passes to the superior mes- 
enteric artery (not filled) through the left colic 


(2) and middle colic arteries (3). 
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supplied blood to the middle colic artery. 
The portion of the inferior mesenteric ar- 
tery distal to the origin of the left colic ar- 
tery was of normal size; aortic obstruction 
was not present in either case. We interpret 
these findings as indicating obstruction of 
the superior mesenteric artery proximal to 
the point of origin of the middle colic artery 
(Fig. 17). This may represent a congenital 
anomaly since in neither case is there his- 
torical evidence suggestive of previous 
vascular occlusion in the abdomen. Surgi- 
cal or necropsy confirmation of this inter- 
pretation is lacking. 


DISCUSSION 


The material in Part 1 on the normal 
roentgenographic anatomy of the arteries of 
the abdomen and pelvis is a composite of 
observations. Virtually every named artery 
of the abdomen and pelvis has been identi- 
fied at some time. Because of incomplete 
filling and because of superimposition of 
vessels, the identification of certain arteries 
is not possible at all times. Anatomic vari- 
ations have not been observed as frequently 
as they are reported in anatomy texts. 
However, most of these variations occur at 
the sites of origin of the main arteries, and 
it is in these areas that the roentgeno- 
graphic identification is least accurate. 

The current study of collateral circula- 
tion confirms previous anatomic descrip- 
tions of collateral channels'7-?° and does 
not disclose any new anastomoses. 

The plethora of collateral pathways 
which are described above may be simpli- 
fied somewhat. Around any arterial block, 
in the abdomen or pelvis, collaterals may 
form from one of three sources: 

1. Segmental and Partetal Arteries. These 
include the intercostal, lumbar, inferior 
epigastric, and deep circumflex iliac ar- 
teries. Their anastomoses usually are with 
other segmental and parietal arteries on the 
homolateral side of the body, e.g., inter- 
costal to circumflex iliac, lumbar to lumbar, 
and lumbar to circumflex iliac. 

2. Visceral Arteries. These include the 
superior and inferior mesenteric arteries 
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and their branches and the visceral branches 
of the hypogastric arteries. Through the 
parietal branches of the hypogastric artery, 
the obturator, superior, and inferior gluteal 
arteries, the visceral arteries may supply 
blood to the lower extremities. The mesen- 
teric anastomoses form significant collateral 
paths in which the blood may flow ante- 
grade or retrograde, depending upon the 
exact site of occlusion. This unique property 
makes these vessels highly important path- 
ways in the presence of aortic and visceral 
arterial obstructions. 

3. Opposing Arteries. are the 
branches of the hypogastric artery, both 


These 


visceral and parietal, which are capable of 


anastomoses with their fellows across the 
midline and are observed principally in uni- 
lateral pelvic artery obstruction. 

The exact identification of all collateral 
vessels is usually not essential in planning 
the surgical treatment of arterial obstruc- 
tion. However, at times, the life of small 
bowel, large bowel, and the extremities is 
maintained principally by a single visceral 
collateral (Fig. 7, 8 and 17), and the sacri- 
fice of this vessel for any could 
prove disastrous." With an accurate knowl- 
edge of specific collateral channels in such 
cases, the surgeon can more intelligently 
plan and execute operative procedures. 
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SUMMARY 

A descriptive account of the roentgeno- 
graphic anatomy of the arteries of the ab- 
domen and pelvis as seen on translumbar 
aortograms is presented. Representative 
normal aortograms and diagrams illustrat- 
ing the characteristic size, location, and 
distribution of the arteries of the abdomen 
and pelvis are described. 

A study of the collateral circulation 
around obstructive arterial lesions of the 
abdominal aorta and its pelvic branches is 
reported and discussed. Illustrations of the 
major collateral pathways are described. 
The importance of accurate preoperative 
evaluation of collateral circulation 1s indi- 
cated, 
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CONCLUSION 


The roentgenographic anatomy of the 
arteries of the abdomen, pelvis, and thigh 
as seen on 182 translumbar aortograms has 
been studied. The characteristic position, 
size, and distribution of the normal vessels, 
as well as some of the more commonly ob- 
served anatomic variations, are described. 
The collateral circulation occurring in 
about 151 arterial obstructions is described 
in detail. The importance of accurate pre- 
operative evaluation of collateral circula- 
tion in certain instances is discussed. 
Melvin M. Figley, M.D. 

Department of Radiology 
University Hospital 
Ann Arbor, Michigan 
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PERCUTANEOUS SPLENOPORTAL VENOGRAPHY* 
UTILIZING RAPID SERIAL ROENTGENOGRAPHY 


By JOHN A. EVANS, M.D., and WARD D. O’SULLIVAN, M.D. 


NEW YORK, NEW YORK 


N THE surgical management of bleeding 

esophageal varices anastomoses between 
the portal venous and the caval venous sys- 
tems have proved to be a most satisfactory 
treatment. By such a venovenous shunt the 
portal vein and its varicose tributaries in 
the esophagus are 
pressed. 


adequately decom- 

Two types of anastomoses are available 
to the surgeon, the direct portacaval and 
the splenorenal shunt. The success of either 
procedure depends on the integrity of the 
portal circulation. Roentgen contrast vis- 
ualization of this system makes it possible 
for the surgeon to choose his type of shunt 
and so to plan intelligently his incision and 
exposure. 

The two methods of visualizing the por- 
tal system are: (1) portal venography de- 
veloped by Blakemore and Lord? and later 
modified by Moore and Bridenbaugh,!” 
and Child and associates;’ and (2) percu- 
taneous splenoportal venography first de- 
scribed experimentally the 
Abeatici and Campi.':*? The former method 
has the chief disadvantage of being re- 
stricted to the operating room. The exam- 
ination is possible only after the incision 
has been made and the abdomen opened. 
This eliminates any flexibility in choice of 
incision. Furthermore, this technique does 
not usually provide complete coverage of 
the portal The latter 
method provides an excellent means of vis- 
ualizing the portal system prior to opera- 
tion. It is a simple, safe technique and pre- 
vents the possibility of many hours of fruit- 
less search for a nonexistent or thrombosed 
vein. The most suitable vein is selected be- 
fore the skin incision 1s made and it is di- 
rectly and effectively approached. Despite 


dog by 


venous) system. 


* From the Departments of Radiology and Surgery, 


Che New York Hospital-Cornell Mc 


these advantages, the method has received 
only limited clinical 7:51.12 
The purpose of this paper is to describe our 
technique of examination and to add our 
own experience to the meager literature on 
the subject. 

We have adopted the term splenoportal 
venography as best describing the roentgen 
character of this examination. The anatomy 
of the portal system has been excellently 
documented by Rousselot, Ruzicka and 
Doehner and is bevond the scope of this re- 
port." 


rECHNIQUI 

After the patient is positioned on a 
wheeled stretcher in the regular anesthesia 
room in the operating suite, general anesthe- 
sia is induced. Endotracheal intubation is 
accomplished as this affords the anesthetist 
adequate control of the patient during the 
subsequent procedure. The patient is then 
transported to the radiologic department 
and positioned supine on a roll film maga- 
zine which utilizes 12 by 12 inch film (Fig. 
1, 7 and B&). The left arm is abducted go 
degrees and the left lower lateral chest is 
cleansed and prepared with aqueous zephi- 
ran. A No. 15 needle without an obturator 
is inserted in the midaxillary line in the 
ninth or tenth intercostal space, depending 
on the size of the spleen and the depth of 
the costophrenic sinus. As the needle is ad- 
vanced, the patient is maintained in apnea 
to stabilize the diaphragm and to lessen 
the likelihood of lacerating the spleen. A 
sensation of firmness is imparted through 
the needle as it enters the spleen. It is then 
advanced 2-3 cm. farther into the sub- 
stance of this organ in order to insure the 
introduction of the contrast medium well 
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Fic. 1. (4) Patient positioned supine on roll film magazine. Needle has been properly inserted in spleen. 
Anesthesiologist maintains patient in apnea during insertion of needle. (B) Injection of contrast agent 


(urokon sodium 70 per cent 50 cc.). Injection done as rapidly as possible usually takes § seconds. Patient 
maintained in apnea until desired roentgenograms are secured. 


into the pulp and to minimize subcapsular 
distribution. A free, slow flow of blood is 
further evidence that the needle tip is 
properly positioned in the splenic pulp. 
Shallow controlled respirations are per- 
mitted as a 50 cc. syringe filled with 70 per 
cent urokon is attached to the needle. The 
anesthetist is again asked to induce apnea, 
and, when this is achieved, the injection is 
begun and the roentgenographic exposures 
started. The forceful injection of the con- 
trast agent requires about 5-6 seconds. On 
its completion the needle is withdrawn. 
Exposure rates of one per second for 12-15 
seconds have provided complete coverage 
of the portal system. The roentgen factors 
are: 200 ma., 0.1 sec., 94 kv. peak for 20 
cm. patient, distance 40 inches; the grid 
ratio of the magazine is 6.1. 

Following completion of the examination 
the patient is returned to the operating 
room, the films are processed and read in a 
matter of minutes. If the puncture tech- 
nique and injection of contrast medium 
have been satisfactory, the splenic and 
portal veins and major tributaries will be 
clearly demonstrated on the serial films. 


RESULTS 
Forty-four percutaneous splenoportal 
venographies were done on 41 patients. 


Three patients had the percutaneous punc- 


ture of the spleen and injection of contrast 
medium on the operating table, utilizing 
portable roentgen equipment and the single 
film technique. The remaining patients 
were examined in the radiology depart- 
ment on a 12 by 12 inch roll film magazine. 
Of the total number examined, 36 were 
cirrhotics with portal hypertension. Six 
patients had extrahepatic obstruction in 
the form of thrombosis of the portal or 
splenic vein (Fig. 2). One of the patients 
with extrahepatic obstruction, a seventy- 
three year old female with cirrhosis, de- 
veloped a primary carcinoma of the liver 
which involved and thrombosed the portal 
vein (Fig. 3). There were 2 instances of 
splenomegaly secondary to blood dys- 
crasias. In each case examined definitive 
information regarding the status of the 
portal circulation was made available to 
the surgeon prior to operation (Fig. 4 and 
s, 4, B, C and D). In those patients who 
have ascites, ascitic fluid may drip from 


\ 
| 
/ 

a 
sla 

1e- 

ist 
he 

en | 

‘Ig. 

9 

1S 
hi- 
tor 

he 

ng 

of 
id- 

en 

\ 

gh 

en 
ib- 

he 

ell 


Fic. 2. A forty year old Negro with portal hyper 
tension, hepatosplenomegaly and esophageal vari- 
ces. Admitted following massive hematemesis. 
A selected roentgenogram at 5 
taken from serial examination. The portal venous 
system is outlined by contrast agent. There is 
uneven filling of the portal vein giving it a blotchy 
appearance. This is caused by a large thrombus in 


second exposure 


the vein which has not as yet caused complete 
obstruction. 


the needle before the spleen is entered and 
blood is obtained. The admixture of ascitic 
fluid and blood may well give an exag- 
gerated impression as to the amount of 
blood loss incident to the puncture. Of the 
26 patients who had a portacaval shunt, 
the spleens were left i situ and there has 
been no evidence of intraperitoneal bleed- 
ing in the postoperative period. 

No immediate or delayed complications 
have occurred in any of the patients ex- 
amined. In no instance has there been any 
change in the patient’s vital signs during or 
subsequent to the injection. The pulse rate 
and level of blood pressure have remained 
stable. It is customary to find s0~100 cc. of 
blood in the left upper quadrant of the 
abdomen when the peritoneal cavity is 
opened. If the injection has been primarily 
subcapsular, the blood loss may be greater. 
The site of needle puncture may be vis- 
ualized and in all but one instance there 
was no active bleeding at the time the 
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Fic. 3. Invasion and obstruction of the portal vein 
by primary carcinoma of the liver in a seventy- 
three old female with cirrhosis. 


Kic. 4. A thirty-eight year old female with known 
biliary cirrhosis and esophageal varices. Admission 


precipitated by severe hematemesis. Selected roent- 
genogram at 6 seconds taken from serial examina- 
tion. A Sengstaken-Blakemore balloon controls the 
hematemesis. Splenic and portal veins are of nor- 
mal size, caliber and position. Arrow marks the site 
of entrance of superior mesenteric vein. At this 
point there is some loss in density of the contrast 
column caused by reflux of nonopacified blood 
from superior mesenteric vein. 
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ESOPHAGEAL 
VARICES 


ASCENDING LUMBAR 
VEINS 


Fic. 5. (4) A fifty-three year old white female with Laénnec’s cirrhosis, portal hypertension and esophageal 
varices. There was a history of several episodes of severe hematemesis. Roentgenogram at 3 seconds demon- 
strates early filling of the splenic vein. (B) Roentgenogram at 7 seconds demonstrates good filling of portal 
venous system and major tributaries. (C) Roentgenogram at 12 seconds demonstrates coronary vein, gas- 
tric and esophageal varices. The anastomoses between the inferior mesenteric vein and superior hemorrhoi- 


dal plexus is demonstrated. The latter is also seen to drain into the vertebral venous plexus (see tracing). (D) 


Tracing of B and C. 


spleen was exposed. The one exception was 
a patient without portal hypertension who 
had an enlarged spleen and an obscure 
blood dyscrasia. The indicated treatment 
in this patient even without this additional 
factor was splenectomy, and this was done. 
The only other complication occurred dur- 
ing an attempt to visualize the patency of a 


previously performed portacaval shunt. 
On examination of the roentgenograms 
some of the contrast medium was found to 
be in the left pleural space. This resulted in 
pleuritic type pain and transient pleural 
reaction. 

One of the more interesting variations 
in the relationship of the major venous 
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Fic. 6. (4) A seventeen year old girl with history of hepatitis and demonstrated esophageal varices. Selected 
roentgenogram at 3 seconds demonstrates a good injection into splenic pulp with rapid take-up of contrast 
medium. Splenic and portal veins are normal. The ribbon-like zone of decreased density marks entrance of 
superior mesenteric vein. (8) Further filling of the portal system at 7 seconds demonstrates a large trans- 
hepatic vein coming off the left hepatic branch of the portal vein and caudally anastomosing with the 
hemorrhoidal plexus. This in turn drains into the caval system as evidenced by opacification of the inferior 
vena cava. (C) Serial roentgenogram at 13 seconds shows opacification of the inferior vena cava (arrow). 


(D) Composite drawing of serial examination. 


tributaries of the portal system is shown 
in Figure 6, 4, B, C and D. 


DISCUSSION 


In the surgical management of portal 
hypertension, the method of percutaneous 
splenoportal venography provides invalu- 


able preoperative information relative to 
the integrity of the portal circulation. In 
order, however, to avoid errors of interpre- 
tation and to insure complete coverage of 
the portal system, serial roentgenographic 
technique is essential. The 12 by 12 inch 
film roll covers the entire upper abdomen 
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Fic. 7. Proper position of needle in spleen. It is well 
into the splenic pulp opposite the hilum. There 
is immediate take-up of contrast medium by 
splenic veins and no subcapsular reflux. 


even in very large patients. It covers the 
entire abdomen in children and small pa- 
tients. 

The diagnostic quality of the examina- 
tion depends chiefly on the expertness of 
the splenic puncture. Optimally, the needle 
tip should be on a level with the hilum of 
the spleen and embedded about midway 
into the pulp (Fig. 7). Such a position will 
insure rapid take up of the urokon by the 
splenic veins and will prevent escape of any 
sizable amounts beneath the capsule. If 
the needle is inserted only a short distance 
into the spleen, the contrast medium dur- 


Fic. 8. Improper position of needle. It is too low 
and shallow, permitting backflow along the needle 


tract and subcapsular collection. 
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Fic. g. A six year old girl with cirrhosis. Complete 
filling of intrahepatic portal veins. 


ing the injection will be forced back along 
the needle tract and collect beneath the 
capsule (Fig. 8). There appears to be little 
likelihood of exciting thrombophlebitis of 
the splenic veins as the contrast medium is 
first diluted by the splenic pulp. 

Drever and Budtz-Olsen‘ in some of their 
cases noted a diminution of the opacified 
stream at the site of entry of the superior 


kic. 10. A forty-two year old person with cirrhosis 
and hepatomegaly. Hepatic phase shows opacifi 
cation of liver. 
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Fic. 11. A twenty year old female. Hepatic phase 
shows small shrunken, hobnail liver. The irregu 
lar blotchy filling defects in the opacified paren- 
chyma represent the hobnail defects. 


mesenteric vein. They felt this was due to 
the inflow of non-contrast blood from this 
vein. The decrease in density of the opaci- 
fied column may create the impression of a 
filling defect. The phenomenon of the non- 
opacified jet stream at the site of entrance 
of the superior mesenteric vein is a com- 
mon occurrence (Fig. 3, 4, 5 and 64). This 
streaming effect, on occasion, may be so 
pronounced as to create the impression of 
a thrombus.’ Dilution of the opacified col- 
umn at the junction of the superior mesen- 
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Fic. 13. A sixty-seven year old female with meta- 
static carcinoma of the liver. Hepatic phase 
demonstrates uneven and unequal opacification 
of inferior portion of right lobe of liver. The non- 
opacified areas corresponding to sites of metas- 
tases at exploration. 


teric vein may be accentuated by a slow 


injection. The additional loss in density of 


the contrast column in the portal vein may 
simulate the irregular, uneven filling result- 
ing from a partially thrombosed_ portal 
vein. 

Gvozdanovié and co-workers state that 
in their experience the contrast agent left 
the spleen only as long as there was an ele- 
vated pressure in that part of the paren- 


Fic. 12. (4 and B) Spidery appearance of intrahepatic veins in patient with cirrhosis. Note opacifica 
tion of caudate lobe of the liver. 
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Fic. 14. (4) A fifty vear old male cirrhotic with esophageal varices admitted because of hematemesis. Serial 
film taken at 4 seconds shows good position of needle in spleen and beginning opacification of splenic vein. 
(B) Five second sequence demonstrating complete filling of portal venous system. Note localized loss of 
contrast at site of entrance of superior mesenteric vein (arrow). (C) Roentgenogram at 10 seconds shows 
filling of esophageal varices. (D) Composite tracing of serial examination. 


chyma into which the injection was being 
made. There is no doubt that the pressure 
of injection is responsible for the rapid take- 
up of contrast agent by the splenic veins 
and that the density of the circulating con- 
trast medium drops off sharply on comple- 
tion of the injection. It is our feeling, how 
ever, that the contrast agent continues to 
enter the portal circulation from the rest- 


due in the spleen. The fact that the con- 
trast medium remains roentgenographi- 
cally demonstrable in the portal system 
throughout the remainder of the examina- 
tion seems to support this opinion. In the 
later phases of the examination, filling of 
the intrahepatic portal vein radicles and 
opacification of the liver parenchyma oc- 
cur (Fig. 9, 10 and 11). This is another ad- 
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INFERIOR ZONE OF DECREASED 
VENA CAVA DENSITY. 
ANASTOMOSIS SPLEEN 


al SPLENIC VEIN 


Fic. 15. (4) Postshunt examination. Good position of needle. Rapid take-up of contrast agent. Roentgeno- 
gram at 1 second demonstrates good filling of splenic vein. (B) Two second film demonstrates anastomosis. 
Note poor filling or lack of contrast at site of anastomosis. It is felt that this is due to eddies of non- 
contrast blood in vena cava at point of anastomosis. (C) Roentgenogram at 4 seconds shows inferior vena 


cava outlined by contrast agent with free and rapid flow of contrast blood from portal vein into inferior 
vena cava (arrows). The rapidity with which contrast medium disappeared was further evidence of the 
adequacy of the shunt. (D) Tracing of serial examination. 


vantage of timed automatic serialization 
of films and may have practical significance 
in the diagnosis of liver disease. Mass 
lesions might be expected to show displace- 
ment of the intrahepatic portal branches. 
Disease resulting in destruction of liver 
substance may show as areas of nonfunc 
tioning parenchyma. The intrahepatic por- 


tal veins in a number of patients with cir- 
rhosis and hepatomegaly had a thin spidery 
appearance. In one patient the caudate 
lobe of the liver was distinctly visualized 
(Fig. 12, 7 and B). In another patient 
hepatic metastases were demonstrated in 
the right lobe of the liver (Fig. 13). 

The technique was used in several des- 
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Fic. 16, (4) A forty-five year old female with complicated past history of several major abdominal operations 


including drainage of a pancreatic cyst. Roentgenogram at 2 seconds. Needle well positioned. Rapid take 


up by splenic vein. (B) Work-up revealed patient to have cirrhosis, esophageal varices and hepatomegaly. 


here was a recent history of massive hematemesis. Roentgenogram at 4 seconds shows normal size, posi- 


tion and course of splenic and portal vein. (C) Roentgenogram at 6 seconds shows further filling of the por- 
tal system. (D) Roentgenogram at 10 seconds. Major tributaries of portal system filled. Varicosities about 


distal esophagus (upper arrow), The proximal stump of superior mesenteric vein visualized (lower left 


arrow). Inferior mesenteric vein somewhat smaller than usually seen (lower right arrow). 


perately ill patients with Sengstaken-Blake- 
more esophagogastric balloons im situ. In 
each of these cases, though, there was good 
filling of the splenic and portal veins; the 
coronary, gastric and esophageal tribu- 
taries were not well demonstrated. This 


Was contrary to the good filling of the 


major venous tributaries in the patients 
with portal hypertension who did not have 
balloons. [t seems probable that despite a 
significant portal hypertension in each in- 
stance, the distended balloons prevented 
visualization of the varicose tributaries. An 
additional observation has been the failure 
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to visualize the superior mesenteric vein. 
In only one case was there enough reflux 
into the vein to identify its proximal seg- 
ment. This lack of filling is a normal find- 
ing and should not be interpreted as an ob- 
struction or block. 

Cooper and associates’ have used the 
percutaneous method of splenoportal ven- 
ography to test the patency of a portacaval 
shunt. They have also applied the tech- 
nique to the diagnosis of pancreatic and 
other retroperitoneal neoplasms which might 
displace, encroach on or block the portal or 
splenic veins. We have had the opportunity 
of using this technique to test the patency 
of a portacaval shunt in one case in our 
group of shunts. 


REPORT OF CASES 
Case 1. W. McG. No. 673 136. A fifty year 
old male with cirrhosis of the liver and esopha- 
geal varices was admitted to The New York 
Hospital for the first time on December 21 
1953 because of severe hematemesis and melena. 
A preoperative percutaneous splenoportal veno- 


gram demonstrated normal course, caliber and 


patency of the portal vein (Fig. 14, 4, B, C 


and D). A portacaval shunt was done the same 
day. Preshunt portal pressure was 40.5 cm. H2O, 
Postshunt portal pressure 14 cm. H2O. He was 
discharged from the hospital after an unevent- 
ful postoperative course. Following discharge 
he was asymptomatic until March 27, 1954 
when he had another episode of hematemesis 
for which he was re-admitted to the hospital. 
Roentgen examination of the gastrointestinal 
tract failed to identify a cause of bleeding. 
Ksophagrams at this time failed to demonstrate 
the presence of varices. It was, nevertheless, 
thought that this shunt might have closed as a 
result of thrombosis. The percutaneous tech 

therefore 
afforded the opportunity of testing the patency 


nique of splenoportal venography 


of his shunt. This was done on April 13, 1954 
and revealed a widely patent anastomosis be 
tween the portal vein and inferior vena cava 


(Fig. 15, 4, B, Cand D). 

The intimate relation of the portal and 
splenic veins to the pancreas was of diag- 
nostic importance in one of our cases. 
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Case 11. This was a forty-five year old woman 
with a complicated past history of several 
major abdominal operations including drainage 
of a pancreatic cyst. There was a recent history 
of massive hematemesis. Work-up revealed the 
patient to have cirrhosis, esophageal varices and 
a large mass, thought to be liver, filling the 
upper abdomen. The splenoportogram (Fig, 
16, 4, B, C and D) helped to eliminate the 
possibility of a pancreatic mass as there was 
no evidence of displacement or distortion of the 
splenic or portal veins. 


Future experience with this new roentgen 
diagnostic technique may demonstrate that 
it will provide as much valuable informa- 
tion regarding pancreatic and other upper 
abdominal retroperitoneal neoplasms as it 
now does in candidates for surgical treat- 
ment of portal hypertension. 


SUMMARY 


The authors’ experience with percutane- 
ous splenoportal venography as a preopera- 
tive method of visualizing the portal ven- 
ous system has been presented. The indica- 
tions, advantages and technique have been 
reviewed. Representative cases have been 
illustrated and their interesting features 


discussed. 


John A Evans, M.D. 
525 East 68th Street 


New York 21, New York 
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ROENTGENOLOGIC FINDINGS IN SPLENIC 
PORTOGRAPHY 


By ANDRE J. BRUWER, M.D. 


Section of Roentgenology 


and 


GEORGE A. HALLENBECK, M.D. 
Section of Surgery, 
Mayo Clinic and Mayo Foundation* 


ROCHESTER, MINNESOTA 


N PATIENTS who have an obstruction 

of blood flow in the portal venous sys- 
tem, the danger of the occurrence of mas- 
sive and frequently fatal hemorrhage from 
esophagogastric varices is often present. 
Whipple found hematemesis as the first 
symptom in one third of early cases of 
portal block, and McIndoe found ruptured 
esophageal varices in $0 per cent of 26 cases 
of fatal cirrhosis. Those who were pioneer- 
ing in shunt operations to relieve portal 
obstruction found remarkably little in the 
literature on the anatomy of the portal 
system. This segment of the problem was 
clarified by three studies that appeared in 
1950: one in England" and two in the 
United States.!°!® Valuable as these con- 
tributions necessarily were, a glance at 
anatomic representations of the portal ve- 
nous system indicates that even a profound 
knowledge of the anatomic variations of 
this sytem may not be of much help to the 
surgeon who is trying to locate the site of a 
block in the portal or splenic vein. Neither 
will it assist him reliably, in the individual 
case, in a planned preoperative approach 
to the shunt procedure that may be life- 
saving. And once the abdomen has been 
opened, he may find himself thwarted by a 
cavernomatous plexus of veins instead of a 
surgically useful portal vein. 

What was needed method of 
opacifying the portal system so as to ob- 
tain a roentgenogram of the important 
anatomic features in the individual case, 
thus allowing a planned operative ap- 
proach. Early attempts at injection of the 


Was a 


portal veins after the abdomen had been 
opened were made by several workers,'* but 
the establishment of operative portal venog- 
raphy was reported as a really practical 
procedure only in 1950 and _ 196 
Portal portography is usually carried out by 
inserting a catheter into the superior mes- 
enteric vein or one of its branches after 
laparotomy has been performed, injecting 
an opaque substance and taking a roent- 
genogram. This will give a good idea of 
the anatomy of the portal vein and, in 
portal hypertension or portal stasis, may 
show hepatofugal filling of the inferior 
mesenteric and the coronary or left gastric 
vein and of gastric and esophageal varices 
associated with the latter. 
A more recent and 
for roentgenologic 
portal system is percutaneous 
splenic proce- 
dure was accidentally performed in 1942, 
but the significance at the time was 
not stressed. The eficacy of this method 
has now been confirmed by many au- 
Tn this procedure 
a needle is inserted percutaneously into the 
splenic substance, usually through the 
ninth intercostal space in the midaxillary 
line. Some workers prefer to perform it 
with the patient under general anesthesia, 
but most reports refer only to local anes- 
thesia. The amount of material used varies 
from 10 to 50 ml. per injection. Opaque 
material is rapidly injected into the splenic 
substance. It passes immediately into the 
splenic vein and then into the portal vein 


simpler method 

portrayal of the 
that of 


* The Mayo Foundation, Rochester, Minnesota, is a part of the Graduate School of the University of Minnesota 
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and the liver. By this means the status of 
the main veins used in shunt procedures, 
namely the splenic and portal veins, can be 
readily judged. 

To date, several hundred splenic porto- 
grams have been made. We know of no re- 
ported deaths, but in four instances serious 
complications have been reported. One 
was an instance of shock’ and three were 
instances of splenic rupture requiring 
splenectomy.” Nevertheless, one is re- 
minded that death may occur from splenic 
rupture following needle biops) - ‘the 
spleen.”" A small amount of blood ( to 
co ml.) may be found in the aa 
cavity immediately after the procedure, 
but as often as not the site of puncture of 
the spleen cannot be discovered. A small 
area of necrosis occurs in the spleen, but 
after three weeks all that remains is a scar 
about I cm. in diameter. 

Rousselot and co-workers*” have recom- 
mended the routine use of both splenic and 
portal portography, but we have found 
that splenic portography may give suf- 
ficient information to the surgeon; in the 
event that it does not, portal portography 


can be done as an additional procedure. 


Some authors have stressed the value of 


serial exposures’ 20,31 and, although we 


have as yet not been able to follow this 
suggestion, we believe it a useful feature, 
both in facilitating diagnosis and in avoid- 
ing pitfalls that are possible in the one- 
film technique. In a normal person the 
splenoportal circulation will carry all visible 
opaque material from the veins and 
through the liver in four or five seconds af- 
ter the injection. Cooper and co-workers’ 
have found that in portal block the opaque 
material may remain in the splenoportal 
system twenty-nine seconds and _ longer, 
this finding presumably being a reflection 
of portal stasis. 

A corollary to this is the finding of Hunt 
that the performance of a shunt operation 
in which the portal system is  short-cir- 
cuited to the systemic venous system will 
result in a great speed-up of venous flow 


out of the portal system. Thus, in a case of 
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cirrhosis in which the speed of portal flow 
was 4 cm. per second before operation, it 
became 11.2 cm. per second after opera- 
tion, which was even faster than the aver- 
age normal flow of 9.4 cm. per sceond. 

In this connection Hunt,” by measuring 
portal pressure manometrically and the 
rate of blood flow in the portal system by 
means of radioactive sodium and a double 
probe-pointed scintillation counter, has 
shown that portal stasis may occur in the 
presence of elevated or almost normal por- 
tal pressures and that in other cases there 
may be marked portal hypertension with 
no evidence of stasis of portal blood. Not- 
ing that the last-named situation was 
sometimes seen associated with the spleno- 
megaly of Gaucher’s disease or sarcoid, he 
postulated that this type of portal hyper- 
tension could be due to increased inflow of 
blood to the portal system as a result of en- 
largement of the spleen. In our experience 
some degree of portal hypertension has al- 
ways been present when we have operated 
for bleeding thought to be from varices. 

Cooper and co-workers’ have demon- 
strated that in some cases of extrahepatic 
portal block, the opaque material tends to 
be cleared rapidly from the veins beyond 
the obstruction but to be retained longer 
in the veins distal to the obstruction (that 
is, Closest to the site of injection). In this 
way, the actual site of an extrahepatic 
partial obstruction may at times be de- 
termined. 

In connection with splenic portography, 
one is reminded of the finding of venous 
thrombosis in 80 per cent of patients in 
whom two injections of opaque material 
are made into a peripheral vein for angio- 

cardiography.’ The suggestion was made 
a it one reason for the thrombosis might 
be injury to the vessel caused by raising 
the intravenous pressure rapidly to about 
300 mm. of mercury. Splenic portography 
would seem to be safe from this point of 
view, as it has been found that the rapid 
injection of the opaque material into the 
spleen of the dog does not detectably in- 
crease the pressure in the portal vein." 
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METHOD OF SPLENIC PORTOGRAPHY 


To date we have performed splenic por- 
tography without portal portography in 
42 cases without complications. In 2 cases 
the examination was unsuccessful owing to 
extrasplenic injection no ill etfects were 
noted. In another case visualization 
unsatisfactory. We do splenic portogri aphy 
only in which an operation is 
planned for the same day. In fact, the pro- 
cedure is performed by the surgeon (Hal- 
lenbeck) after the patient is on the operat- 
ing table under general anesthesia. The in- 
jection is made during a period of apnea or 
quiet 
curare or a similar drug. An 
needle attached to a so-ml. syringe by Way 
of a short piece of flexible plastic tubing 
(to decrease the chance of jarring the 
needle) is passed into the splenic pulp 
through the ninth intercostal space, in the 
midaxillary line. In the adult, 
about 40 ml. of 70 per cent solution of ace 
trizoate (urokon) injected as 
rapidly as possible | 


Was 


cases 1n 


gauge 


average 


sodium 1s 


four or five seconds), 


and a roentgenogram ca at the end of 


the injection. The film is developed im- 
mediately so that the surgeon can have in- 
formation regarding the status of the ves- 
sels he will be using for the shunt proce- 
dure. We intend to change to a multiple- 
film technique as soon as we are able. 


NORMAL SPLENIC PORTOGRAM 


Rousselot and co-workers*’ have given a 
splendid description of the roentgen anat- 
omy of the portal system. In the normal 
person, most of the opaque material leaves 
the spleen immediately and enters the 
splenic vein, flowing rapidly into the por- 
tal vein and through the liver (Aepatopetal 
flow). The normal splenoportal circulation 
will carry most of the visible opaque ma 
terial away in and 
there will be no evidence of reflux filling of 


four or five seconds,’ 


such tributary vessels as the inferior mes 
enteric or left gastric Only 
amount of opaque material lingers for a 
while in the splenic pulp. The junction of 
the superior mesenteric vein with the splen 


veins. al small 
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breathing obtained by the use of 


» 


ic vein may appear as an axial stream of de. 
creased density in the opaque column jn 
the portal vein, indicating the path of the 
incoming stream of blood. 


ABNORMAL SPLENIC PORTOGRAM 


The two main features of the splenic 
portogram that indicate abnormality are 
(1) reverse (hepatofugal) flow, that is, fill- 
ing of tributary veins, especially the coro- 
nary (left gastric) and the inferior mesen- 
teric veins, and (2) evidence of stasis. 
Practically all patients with portal hy- 
pertension show evidence of backflow into 
the inferior mesenteric or left gastric veins 
both. In our experience there is occa- 
sionally only the slightest evidence of he- 
patofugal filling on the roentgenogram, and 
it may be that if we had taken roentgeno- 
grams at other intervals of time following 
the injection, better r 
hepatofugal filling may have been ob- 
tained. It 1s likely that in some patients 
with hepatofugal flow, there is actually a 
bi-directional flow in the portal system. 
Visual proof of this would seem to be the 


visual evidence of 


appearance, on the Same roentgenogram, 
of hepatofugal filling of the coronary and 
inferior mesenteric veins, while at the same 
time there 1s evidence of blood flowing into 
the portal vein from the superior mesen- 
teric vein (the radiolucent core seen in the 
opaque portal vein at the site of entry of 
the superior mesenteric vein) 

However interesting such elie are, 
from the point of view of the surgeon who is 
to decide whether to make a right or a left 
thoracoabdominal incision (that 1s, whether 
to do a portacaval splenorenal shunt) 
the anatomic appearance of the spleno- 
portal venous system is the important 
feature. For this, splenic portography is an 
extremely valuable procedure. 
amples follow. 


\ few ex- 


REPORT OF CASES 


Case A sixty-four vear old man had cir 


rhosis, congestive splenomegaly and bleeding 


varices. The splenic portogram (Fig. 1) indi- 


cated that the splenic 


and portal veins were 


— 


Splenic portogram in a sixty-four 


Fic. I. Case 1. 
year old man demonstrating widely patent splenic 
and portal veins. The surgeon Was able to perform 
a splenorenal shunt. There is some hepatofugal 
filling of the coronary vein. 


patent, thus allowing the surgeon a choice of 
operation. There was retrograde filling of the 
left gastric vein, as well as opaque material in 


gastric varices. 


Case ut. Extrahepatic portal obstruction had 
been suspected preoperatively in a twenty- 
seven year old man. However, splenic portog- 
raphy (Fig. 2) patent 
splenic-portal venous sytem, and reflux filling 


disclosed a_ widely 
of the coronary vein and of gastric and esophag- 
eal varices. The surgeon was able to do a satis- 
factory splenorenal shunt. 


Case 1. A two and one-half year old boy 
had been suffering from bleeding esophageal 
and gastric varices and congestive spleno- 
megaly. A preoperative diagnosis of extra- 
hepatic portal obstruction was made, and it 
was noted that the child had suffered from 
neonatal omphalitis which had probably re- 
sulted in portal thrombophlebitis. The splenic 
portogram (Fig. 3) clearly showed a cavernom 
atous transformation of the portal vein, thus 
rendering it useless for a portacaval shunt. It 
was also obvious that the splenic vein was 
patent but small, but it was, however, the only 
vein that could possibly be used for a shunt 
procedure. At operation it was unfortunately 
found that the splenic vein was actually too 
small to be used for a splenorenal shunt. Sple 
nectomy was performed, and it is not surprising 
that the child has bled again since the opera 
tion. 


Case iv. In a fifty-four year old man the 


splenic portogram (Fig. 4) showed that the 
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Fic. 2. Case 1. Preoperatively, extrahepatic portal 
obstruction was suspected. The splenic portogram 
reveals both the splenic and the portal vein to be 
patent. Some of the opaque material is seen to 
have entered gastroesophageal varices. The sur 
geon was able to perform a splenorenal shunt. 


splenic vein was replaced by a plexus of veins 
and that it therefore was unsuitable for spleno- 
renal shunt. A roentgenogram taken at aslightly 
later interval might have demonstrated the re- 
gion of the portal vein more satisfactorily. 
Splenectomy was performed and the patient 
had no further bleeding. 


Case v. A forty-six year old woman had cir- 
rhosis of the liver, portal hypertension and 
bleeding esophageal varices. A splenic porto- 
gram (Fig. 5) demonstrated patent but small 
splenic and portal veins, retrograde filling of 


Fic. 3. Case 111. Splenic portogram in a two and one- 


half year old boy who had a history of neonatal 
omphalitis and bleeding esophageal and gastric 
varices. The splenic vein is patent but rather 
small. The portal vein is replaced by a plexus of 
veins. Gastric and esophageal varices are evident. 
There is subcapsular or capsular opacification of 
the spleen. 
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Fic. 4. Case 1v. Preoperatively, extrahepatic portal 
block had been suspected and splenorenal shunt 
had been contemplated. The splenic portogram 
reveals that the splenic vein has been replaced 
by a plexus of veins unsuitable for a shunt opera 
tion. Splenectomy was performed. 


the inferior mesenteric and left gastric veins, 
and esophageal varices. In the portogram the 
stream of blood from the superior mesenteric 
vein was represented in the portal vein by a 
radiolucent core. The film therefore suggested 
bi-directional flow in the portal system. 


Case v. 


Fic. 5. Splenic portogram in a forty-six 
year old woman with cirrhosis of the liver, portal 
hypertension and bleeding esophageal varices. 
There is hepatofugal filling of the esophageal 
varices, the coronary vein and the inferior mesen 
teric vein. At the same time there is evidence of 
hepatofugal flow of superior mesenteric venous 
blood into the portal vein. 


André J. Bruwer and George A. Hallenbeck FEBRUARY, 1959 


Kic. 6. Case vi. A thirty-four year old man with 
cirrhosis and hematemesis. The splenic and portal 
veins are large and patent. A portacaval shunt 

was performed. There is residual barium in the 


colon. 


Case vi. In a thirty-four vear old man the 
portal pressure taken during operation was 520 
mm. of water. The preoperative splenic porto- 
gram (Fig. 6) revealed little evidence of hepato- 
fugal blood flow, and yet the preoperative 
roentgenogram after a barium 
showed marked esophageal varices. It is pos- 


swallow of 


>. Case vit. Cirrhosis of the liver, portal hyper- 
tension and bleeding esophageal varices in a 
forty-six year old man. The splenic and _ portal 
veins are patent and the large, serpentine shadow 
of the umbilical vein is seen. This was probably 
an example of the Cruveilhier-Baumgarten syn 


drome. 
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sible that if one or several more roentgeno- 
grams had been taken, hepatofugal flow might 
have been demonstrated. This coincides with 
our belief that more than one roentgenogram 


is required for satisfactory demonstration of 


the functional hemodynamic status of the por- 
tal system. 


Case vil. A forty-six year old man was found 
to have esophageal varices and cirrhosis. Clin- 
ically, a well-marked caput medusae was mani- 
fested. A splenic portogram (Fig. 7) revealed 
widely patent splenic and portal veins; further- 
more, a wide, tortuous umbilical vein could be 
identified. At operation the umbilical vein was 
found to be equal in size to the portal vein, and 
the pressure in the veins was found to be 275 
mm. of water before a portacaval anastomosis 
was performed. 

Unfortunately we did not listen for a venous 
hum over the abdomen. Nevertheless, it is felt 
that this case probably is an example of the 
Cruveilhier-Baumgarten syndrome (as distin- 
guished from Cruveilhier-Baumgarten  dis- 
ease). 


Case vil. A five year old boy was brought 
to the Mayo Clinic with the diagnosis of bleed- 
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ing duodenal ulcer and splenomegaly. Roent- 
genologic examination of the upper part of the 
gastrointestinal tract failed to show evidence of 
esophageal varices, but was thought to con- 
firm the previous diagnosis of duodenal ulcer. 
Esophagoscopy disclosed small varices in the 
lower part of the esophagus. A splenic porto- 
gram (Fig. 8 a) revealed a splenic vein that by- 
passed the liver and apparently drained direct- 
ly into the inferior vena cava near the site 
where the latter enters the right atrium—in 
other words, this patient had a natural spleno- 
caval anastomosis. Adjacent to the site of the 
injection into the spleen, and in the region of 
the stomach, the roentgenogram showed a 
mass of opaque material. A laparotomy was 
then performed, and a portal portogram was 
made (Fig. 8 4). The portal vein entered the 
substance of the liver normally. However, the 
pressure in this vein was 400 mm. of water. In- 
spection and palpation of the duodenum 
showed no evidence of a duodenal ulcer. In 
view of the unusual anatomic features in this 
case, splenectomy alone was resorted to. Un- 
fortunately and not unexpectedly, the patient 
subsequently has had further slight hemorrhage 
from the gastrointestinal tract. The desira- 


Fic. 8. Case vin. (a) Splenic portogram in a five year old boy with a history of duodenal ulcer and gastro- 
intestinal bleeding. Note the peculiar plexus of vessels in the region of the stomach, and the fact that 
the splenic vein drains directly into the inferior vena cava in the region where it enters the right atrium. 
There is some retrograde filling of the inferior mesenteric vein, and there is probably some opaque ma- 
terial in the pulmonary vessels. This is a natural splenocaval shunt. See text. (4) Portal portogram of the 
same patient on the same day as in a. A normal connection between the portal vein and the liver is seen. 
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Fic. g. Case 1x. A sixty-two year old man who had 
partial obstruction of the portal vein by a throm 
bus. Note also the ease with which the opaque 
material enters the gastric and esophageal varices 
in spite of the Sengstaken-Blakemore tube. 


bility of a portacaval shunt will have to be con- 
sidered if hemorrhage becomes severe. 

A roentgenogram of the thorax in Case vill 
revealed anomalies of the second and third 
thoracic vertebrae. It has been con- 
clusively that a relationship exists between 
cleft upper thoracic vertebrae and intestinal 
duplication,!”* and it is well known that pa- 
tients with duplication may present with bleed 
ing. But no evidence of such abnormality was 
found during the surgical exploration of the 
left upper quadrant. It is possible that the 
amorphous mass of opaque material seen on 


shown 


the portogram was In some anomalous retro 
peritoneal structure. Or it may be a reflection 
of cavernomatous transformation ot a portion 
of the splenic vein. 


Case 1x. A desperately ill sixty-two year old 
man was found to have tremendous esophageal 
varices as evidenced in a roentgenogram made 
after a swallow of barium. These varices had 
been the site of origin of massive bleeding. A 
splenic portogram was made (Fig. 9). The 
presence of a large thrombus that partially ob 
structed the portal vein was overlooked by us 
(it was subsequently found at operation). Ad 


230 André J. Bruwer and George A. Hallenbeck 


Fy BRUARY 1967 


ditional interest was attached to this roent- 
genogram because it cast doubt on the efficacy 
of the Sengstaken-Blakemore tube that was in 
use at the time the splenic portogram was 
made. The opaque material was seen to flow 
unhindered into the gastric and esophageal 
varices. 


Splenic portography has been of interest 
in indicating the extent of neoplasms of 
the pancreas and stomach,'* and it is to be 
expected that additional cases will be re- 
ported. 

Another method of incidentally outlin- 
ing the portal venous system by the use of 
high abdominal aortography has been re- 
ported by Rigler and Olfelt.?? This method 
may be of definite value in certain cases, 
although it may be less practical in the cir- 
rhotic patient with ascites, who may find it 
extremely uncomfortable to lie prone. Its 
value would seem to be in patients in whom 
attempts are made to demonstrate masses 
in the liver, in patients with extrahepatic 
portal obstruction and in patients with 
small spleens. 


SUMMARY 


A short review of methods used to out- 
line the portal venous system by opaque 
material is presented, and the procedure of 
percutaneous splenic portography is de- 
scribed in some detail. Nine cases are pre- 
sented to demonstrate the practical aid 
that splenic portography may provide the 
surgeon. 


André J. Bruwer, M.D. 
Mayo Clinic 


Rochester, Minnesota 
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THE LIVER DIAGNOSED BY 


SPLENOPORTOGRAPHY* 


By SAMUEL 


L 


PHILADELPHIA, 


N IMPORTANT clinical procedure, 
splenoportography, which was intro- 
duced by Abeatici and Campi, proved val- 
uable in diagnosing a case of hemangioma 
of the liver. Splenoportography is_per- 
formed by using 15 cc. of 70 per cent urokon 
or diodrast injected percutaneously into 
the splenic parenchyma, employing a 17 
gauge needle. The injection is performed 
under local anesthesia, using the ninth or 
tenth intercostal space in the midaxillary 
line. The needle is directed upward, medi- 
ally and posteriorly. The radiopaque solu- 
tion is injected rapidly (2-3 seconds) and 
serialographic roentgenograms are secured, 
usually at least six films in a period of 12 
seconds following the injection. This yields 
a visual portrayal of the hemodynamics of 
the entire portal circulation and may dem- 
onstrate ether congenital anomalies 
thrombotic obstructive lesions. A number 
of other pathologic lesions may manifest 
themselves. Both cavernous and capillary 
hemangiomas are found in the liver, and 
may be single or multiple. These are usually 
not discovered during life but are revealed 
at autopsy. Brown and Gaspari excised 
pedunculated hepatic angiomata from adult 
patients. One of these cases was mistaken 
clinically for a floating kidney. 
Splenoportography is gaining increasing 
importance as an aid in the differentiation 
of intra- and extrahepatic portal block in 
the production of portal hypertension. 
Portal venous stasis may result in a protean 
clinical picture ranging from nondescript 
meteorism to digestive hemorrhage with 
splenomegaly and hypersplenism. It is, 
therefore, of utmost importance, to define 
graphically the site of portal block in order 
to decide upon the proper form of surgical 
worry through this procedure (Fig. 1, 2 
and 3). 
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Portal hypertension may be caused by 
thrombosis of the portal vein or by intra- 
hepatic obstruction such as cirrhosis of the 
liver. Symptoms may manifest themselves 
as gastrointestinal hemorrhage, hyper- 
splenism or hepatic insufficiency. Infectious 
hepatitis or toxic agents may also be pro- 
ductive of an intrahepatic portal hyper- 
tension. Thrombophlebitis of extrahepatic 
veins may follow regional infection. Ac- 
cording to Gross, omphalitis in infancy may 
result in portal vein obstruction secondary 
to infection traveling along the umbilical 


Fic. 


1. Note large esophageal varices in a 
two and one-half year old child. 


vein to invade the portal vein. Among 
other causes of extrahepatic block may be 
congenital venous valves in radicles of the 
portal vein. 

The case illustrated on the roentgeno- 
grams is that of a two and one-half year old 


female child who has had one attack of 


hematemesis. An esophagram showed the 


presence of varices. There was pronounced 


* From the Department of Roentgenology, Albert Einstein Medical Center, Northern Division, Philadelphia, Pennsy!vania, 
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Fic. 2. Splenoportogram—four seconds after initiat- 
ing injection—splenic and portal veins well out- 
lined. Beginning visualization of hemangioma. 


splenomegaly associated with hypersplen- 
ism. At operation a hemangioma in the 
porta hepatis was found. There was also 
marked phlebectasia in the gastroesopha- 
geal veins and in the veins of the calciform 


Fic. 3. Complete visualization of cavernous angioma 
in the porta hepatis with complete delineation of 
intra- and extrahepatic portal circulation. 


Hemangioma of the Liver 4 


Fic. 4. Some diodrast puddling in the cavernous an- 
gioma; note clear outline of inferior vena cava. 


ligament. A ligation of the splenic artery 
was performed to reduce the amount of 
portal blood flow. If clinically unimproved, 
a splenorenal shunt is contemplated when 
the child is four to five years old to yield 
greater likelihood of patency of the shunt 
(Fig. 4). 
CONCLUSION 


A hemangioma of the liver in a child was 
diagnosed by means of splenoportography. 
The case was complicated by portal hyper- 
tension and hypersplenism. The cavernous 
hemangioma of the porta hepatis may 
represent a congenital anomaly or a re- 
canalization of an old thrombus. 


7100 North 19th Street 
Philadelphia 26, Pennsylvania 
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AN ANGIOGRAPHIC CASSETTE-CHANGING DEVICE* 


By LEE S. ROSENBERG, M.D., and ERICH SPIRO, M.D. 


CINCINNATI, OHIO 


AN INEXPENSIVE and simple angio- 
graphic —cassette-changing 
which is free of many of the shortcomings of 
other similar instruments, has been in use 
in our hospitals during the past three years. 

The instrument is capable of handling 
either 14X17 or 10X12-inch cassettes of 
the ordinary type, and it could be adapted 


device, 


Fic. 1. Part 4 of the platform mounted on the 
wheeled cabinet support. The hoppers are shown 
with the removable 10X12-inch hopper inserted 
into the permanently mounted 14X17-inch hop- 
per. 


to any other cassette size if desired. The 
moving Potter-Bucky grid 1s utilized, and 
therefore roentgenograms of the highest 
possible quality are obtained. The device 
operates on a simple mechanical principle, 
and breakdowns rarely occur. Films can be 
exposed as rapidly as one per second or at 
any slower rate desired, and up to twelve 
films can be taken during a single angio- 
graphic procedure. The instrument is 
adaptable to almost any roentgen-ray table 
which has a reciprocating grid and which 


has the Bucky tunnel open at doth ends, 
1.e., on both sides of the table. 


CONSTRUCTION 


The device consists of several parts: 


1. A platform, consisting of two sections 
(parts 4 and B), designed to extend 
through the Bucky tunnel (Fig. 1, 2 
3, 6.and 7). 

Hoppers to hold the unexposed cas- 
settes (Fig. 1, 3 and 4). 


> 


METAL LEG 


hic. 2. Part B of the platform. The right hand end 
of Part B shown here is screwed to the left hand 
end of Part 4 (shown in Figure 1) when the unit 
is assembled for use. Note the position of the 
stop-bars (the one at the end is mounted per- 
manently and the other is removable). 


3. Plungers for propelling the cassettes 
(Fig. 3, § and 7). 

4. Stop-bars for arresting motion of the 

cassettes (Fig. 2 and 3). 

A micro-switch to activate the ex- 
posure at the proper times (Fig. 1, § 
and 7). 

6. Protective lead shields (Fig. 7). 


The measurements given in the diagrams 
are those of the machines used at our hos- 
pitals. Some variations of these dimensions 


* From the Departments of Radiology of the Jewish and General Hospitals, Cincinnati, Ohio. 
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INSERT HOPPER PLUNGER FOR 
FOR 14217 CASSETTES 
10212 CASSETTES 


Fic. 3. Diagrams of the entire platform (Parts 4 
10X 12-inch cassettes, an 


may be necessary in order to adapt the ap- 
paratus to other roentgen-ray tables. 

In describing the components of this 
equipment, reference will frequently be 
made to the functions of the various parts. 
Some of these points may not be readily 
understood in the description of the various 
components, but should be clarified in the 
discussion of the assembly and operation 
later. 

The platform provides a smooth sliding 


PLUNGER FOR 
CASSETTES 


and B assembled), of the insert hopper for 


d of the plungers. 


Fic. 4. Photograph of the insert hopper. 
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BARS ACTIVATING 
MIGRO - SWITCH 


GUIDING 


¢. Photograph of the plungers. 


surface for the plungers and cassettes. It 1s 
made of a sturdy, hard, smooth material, 
such as Formica, and is about one-fourth 
of an inch in thickness. The platform is di- 
vided into two sections in order to facili- 
tate the setting up of the apparatus. One 
part (part 4, Fig. 1 and 3) is permanently 
mounted on a wheeled cabinet support 
(which also serves as a storage place); the 
second part (part B, Fig. 2 and 3) 1s de- 
signed to extend through and beyond the 
Bucky tunnel and is supported at its end by 
a removable leg (Fig. 2 and 3). When the 
unit is assembled, the two sections of 
the platform are joined together by means 
of two screws, thus providing a continuous 


smooth surface. Flevated brass rails (Fig. 
1, 2 and 3) extend along both sides of the 
platform and are designed to keep 14 17- 
inch cassettes and the plungers properly 
aligned. These guide rails do not extend 
quite to the end of the platform, so that 
easy removal of the end cassette will be 
possible. For the same reason, that portion 
of the platform extending beyond the rails 
is somewhat narrower than the rest of the 
platform. 

The hoppers hold the pile of unexposed 
cassettes. The hopper designed for 14 X17- 
inch cassettes is permanently mounted to 
the cabinet across part 4 of the platform. 
Between the bottom of the walls of the 
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hopper and the surface of the platform are 
openings with enough clearance to permit 
the passage of one cassette or of a plunger 
(which has about the same thickness as a 
cassette). The wall of the hopper facing 
the roentgen-ray table is lined with lead 2 
mm. thick, in order to protect the un- 
exposed cassettes from direct and scattered 
radiation. The inner surface of the hopper 
(and also of the insert hopper) is provided 
with vertical runners (Fig. 3 and 4) which 
help to eliminate friction between the walls 
of the hopper and the dropping pile of cas- 
settes. The height of the hopper is such 
that 10 or 12 cassettes may be stacked in it. 

The removable insert hopper is used to 
adapt the machine for 10X12-inch cas- 
settes (lig. 3 and 4). This hopper is fitted 
into the larger one and rests upon it by 
means of overhanging extensions. The 
clearance space between the bottom of the 
walls of the insert hopper and the surface 
of the platform must also be slightly in ex- 
cess of the thickness of one cassette. 

The wooden p/ungers are used to push 


the cassettes. There are two plungers, one 


Fic. 6. Photograph showing the manner in which the 


apparatus is applied to a roentgen-ray table. 
Part B of the platform (see Figure 2) is inserted 
through the Bucky tunnel from one side of the 
table and is connected to Part 4 (see Figure 1) 


which has been brought up on the opposite side 


of the table. 


lic. 7. Photograph showing the device applied to 
another table, with the lead shields in position. 
Shield 4 protects the physician making the injec- 
tion and can be moved to any position desired. 
Lead cut-outs which are used on the top of the 
roentgen-ray table are not shown in this photo- 
graph. The wall of the hopper facing the roentgen- 


ray table also contains lead. 
14 X17-inch 


The plunger for 
cassettes is in place. 


for 14X17-inch cassettes and the other for 
10X 12-inch cassettes. Each plunger is of 
such a length that, after complete inser- 
tion, it will advance the lowermost cas- 
sette from the bottom of the pile in the 
hopper to a position exactly underneath 
the center of the roentgen-ray table. An 
elevated board is attached to the main 
part of each plunger, and serves to act as 
a stop for the plunger at its maximum in- 
ward position. The plunger handles are 
mounted on this board. When completely 
withdrawn, the plungers clear the hopper 
and permit the pile of remaining cassettes 
in the hopper to drop upon the platform. 
The plunger for 10X12-inch cassettes is 
equipped with two guide extensions whose 
purpose is to steer the cassettes down the 
middle of the platform (Fig. 3 and 5). 
Each plunger is equipped on its surface 
with two elevated runners which are 
tapered at the end contacting the cas- 
settes (Fig. 3). The purpose of these runners 
is to reduce friction between the plunger 
and the pile of cassettes remaining above 
it in the hopper. 
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The stop-bars are elevated metal rails 
attached by receiving 
end of the platform. Their purpose is to ar- 
rest the motion of the cassettes and to pre- 
vent them from sliding beyond the desired 
position. There are two stop-bars; one is 
permanently mounted and is used when 
14X17-inch cassettes are employed; the 
other is removable, and is attached when 
10X 12-inch cassettes are used. 

The micro-switch is mounted on one side 
of the platform, and is wired into the tim- 
ing mechanism of the roentgen-ray ma- 
chine. It is tripped with each back stroke 
of the plunger, making an automatic ex- 
posure. 

Several protective /ead shields are needed. 
Lead cut-outs, measuring about 2 mm. in 
thickness, are placed on the top of 
roentgen-ray table during the procedure. 
A 14.X 17-inch or a 10X12-inch cut-out 


screws across the 


is used, depending on which size cassette 


is employed. upright lead shield 
(Fig. 7) is attached on the far 
the roentgen-ray table to prevent scat- 
tered radiation from striking the cassettes 
which have already been exposed, and also 
to protect the technician working on this 
side of the table. Another upright lead 
shield (Fig. 7) may be placed in a suitable 
position across the neck or arm of the pa- 
tient for the protection of the individual 
making the injection of contrast medium. 
This shield is mounted on two fairly stable 
legs and is adjustable in height and _posi- 
tion. A cone is always used in order to 
localize the primary beam and to reduce 
scattered radiation. 


MODIFICATION OF THE ROENTGEN 


EQUIPMENT 


In order for this device to function satis- 
factorily, two slight modifications of the 
roentgen equipment necessary. The 
first of these, the micro- 
switch into the timing mechanism, has al- 
ready been mentioned. (This modification 
is not essential if a technician is employed 
to activate the exposures as indicated be- 
low.) The second modification involves al- 
tering the reciprocating grid mechanism so 
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that each exposure is made during the fast 
component of the movement of the grid. It 
should be understood that ordinarily the 
reciprocating grid moves rapidly in one 
direction, and then returns more slowly in 
the opposite direction. When repeated ex- 
posures are mz ide over a period of several 
seconds without releasing the rotor switch 
(as is done in angiographic procedures), 
some of the exposures will occur when the 
grid is moving slowly. The films exposed 
during the slow component of the grid 
travel may show disturbing grid lines. This 
difficulty is eliminated by the insertion of 
an additional micro-switch into the grid 
mechanism in the manner indicated in the 
diagram (Fig. 8) and in the photograph 
(Fig. 9). | This switch should not be con- 
fused with the other micro-switch which is 
activating the roentgen-ray ex- 
posures). A toggle switch (also indicated 
in Fig. 8 and g) is provided to bring the 
micro-switch in or out of the circuit, and 
enables the grid mechanism to be used 
either for conventional roentgen-ray work 
or for angiographic procedures. 


used for 


ASSEMBLY 

The Bucky tray is removed from the 
tunnel. The platform is inserted through 
the tunnel, part 7 being brought up from 
one side, and part B from the other side. 
These two components are connected by 
fitted screws. 

The cassettes are inspected to see that 
they are tightly closed and that no loose 
parts protrude from their surfaces. A piece 
of cardboard of appropriate size is tightly 
taped to the upper surface of each cassette, 
covering the entire surface. This important 
precaution is taken unless the upper sur- 
faces of the cassettes are completely smooth 
and level. The purpose of this step is to 
prevent the cassettes from catching on 
each other and jamming the mechanism 
Pieces of cardboard 


AND OPERATION 


during its operation. 
which come in roentgen film packages are 
convenient tO. wse, are of the proper S17, 
and are translucent to roentgen rays at the 
kilovoltages used. 


If 14X17-inch cussettes are used, the 
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VoL. 
BREAK CIRGUIT AT 
THIS POINT DOTTED LINES SHOW ADDED COMPONENTS 
8 7 6 5 S 3 2 i 
EXP SW TOGGLE SWITCH 
OPEN IN ANGIO POSITION 
i 
MICRO 
| L o| SWITCH 
[ 


SOLENOID 


RECIPROCATING BUCKY CIRCUIT SCHEMATIC 


Fic. 8. Diagram of the alterations made in the reciprocating grid mechanism. 


permanently mounted stop-bar isemployed The remaining cassettes stay in the hop- 
and the plunger designed for the 14X17- per, the plunger sliding underneath the 
inch cassettes is placed on the platform. pile. A dummy or empty cassette 1s now 
A pile of the desired number of cassettes 
is stacked in the mounted hopper. A lead 
cut-out with a 14X17-inch opening is 
placed on the roentgen-ray table. If 10 
X12-inch cassettes are to be used, the 
other stop-bar is attached in the proper 
position, and the plunger designed for 10 
X12-inch cassettes is employed. The hop- 
per for the 10X12-inch cassettes is in- 
serted, and is filled with the desired num- Micra semiteh 
ber of cassettes. A lead cut-out with a 10 4 ~ng 
X 12-inch opening is placed on top of the 
roentgen-ray table. 

The runners of the plunger are lubricated 
with a little soap. 

The patient is now transferred to the 
table. (This move can be made before the 
assembly of the equipment if there 1s any 
likelihood that the equipment after as- 
sembly will interfere with the moving of 
the patient.) The upright lead shields are 
placed in position. If desired, a binder for 
the patient’s head, chest or abdomen is at- 
tached. 

The bottom cassette of the pile is first 
pushed into position under the center of 


Toggle switch 


. Fic. 9. Photograph showing the position of the 
the roentgen-ray table by means of the micro-switch and toggle switch in the modification 
plunger which is operated by a technician. of the reciprocating grid. 
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placed between the cassette under the cen- 
ter of the roentgen-ray table and the stop- 
bar; there remains an open space on the 
platform between the dummy and the 
stop-bar, equivalent to the width of one 
cassette. The toggle switch on the recipro- 
cating grid is set for angiographic expo- 
sures. The rotor of the roentgen-ray tube is 
started. The physician who is to inject the 
contrast medium, having previously made 
his preparations, now makes the injection. 
At the proper time he gives the signal for 
the first exposure. The technician operat- 
ing the plunger pulls the plunger back, 
tripping the micro-switch and the first ex- 
posure is made. As the plunger is com- 
pletely withdrawn, the entire pile of cas- 
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settes in the hopper falls down to the plat- 
form. The plunger is pushed in again, pro- 
pelling the bottom cassette to the center of 
the roentgen-ray table. This, in turn, 
pushes the first cassette and the dummy 
along the platform until the dummy strikes 
the stop-bar. Sliding of cassettes beyond 
the desired position is thereby prevented, 
The dummy striking the stop-bar is im- 
mediately removed manually by a second 
technician. In the meantime, the plunger 
is again pulled back and another exposure 
is activated by the micro-switch. The en- 
tire operation is repeated until all of the 
cassettes have been pushed through the 
tunnel. With each stroke of the plunger, a 
cassette which has already been exposed 


Fic. 10. Normal cerebral angiogram, lateral projection (10%12-inch films). The 6 films were exposed in 
six seconds. Factors: 85 kilovolts, 200 milliamperes, 36-inch target-film distance, 3/20 of a second per 
exposure. 
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strikes the stop-bar, and thereby stops the 
cassettes behind it before being removed. 
The rate at which the cassettes are pushed 
through the tunnel is determined by the 
technician operating the plunger, and can 
be adjusted according to the needs of the 
particular type of examination which is 
being performed. 

It is apparent that two technicians are 
needed to operate this equipment, one to 
operate the plunger and the other to re- 
move the cassettes on the opposite side of 
the table. 

Reproductions of a cerebral angiogram 
and of an angiocardiogram made with this 
device are shown in Figures 10 and 11. 

If desired, an alternative method of acti- 
vating the exposures may be employed 
utilizing a third technician instead of a 
micro-switch. If this method is used, the 
third technician activates the first ex- 
posure on signal and thereafter each time 
he observes the plunger being withdrawn. 


DISADVANTAGES 
Disadvantages in the use of this device 
arise from the fact that the patient must 
be recumbent, and the tube must be over- 
head. It is not possible to carry out upright 
angiography with this mechanism. In 
cerebral angiography it is necessary to shift 
the position of the patient’s head between 
the anteroposterior and lateral exposures, 
a change which occasionally results in dis- 
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lodgement of the needle from the artery, 
Fortunately, none of these difficulties has 
proved very serious as far as our own ex. 
perience is concerned. 
SUMMARY 

An inexpensive but effective angiograph- 
ic cassette-changing device 1s described, 
It is capable of handling up to twelve cas- 
settes as rapidly as one per second; it uti- 
lizes the reciprocating grid and hence pro- 
vides roentgenograms of “Bucky” quality; 
either 10X12 or 14X 17-inch cassettes may 
be used; the apparatus can be adapted 
fairly easily to many types of existing 
equipment. 


Lee S. Rosenberg, M.D. 
Department of Radiology 
Jewish Hospital 
Cincinnati 29, Ohio 
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A NEW MANUALLY-CONTROLLED PRESSURE INJEC- 
TOR FOR ANGIOCAR DIOGRAPHY, RETROGRADE 
AORTOGRAPHY AND SELECTIVE ANGIO- 

CAR DIOGRAPHY 


By WALTER LENTINO, M.D.,* avd NELSON LENTINO, B.Cu.E.+ 


UNIVERSITY HEIGHTS, NEW YORK 


purpose of this communication Is 
to describe a new, manually-controlled 
pressure injector for use in regular angio- 
cardiography, retrograde aortography, and 
selective angiocardiography performed 
through a cardiac catheter. 

There is not now commercially manu- 
factured in the United States a simply- 
operated, manu ally or automatically con- 
trolled angiographic injector. Models have 
been described, ranging from home work- 
shop types! to highly complex machines 
working with compressed gases and capable 
of exerting enormous regulated pressure.’ 
A model is available from Canada which 
works by gravity, utilizing heavy weights 
to press down upon the plunger of a syringe. 

The equipment to be described was first 
conceived by the senior author in answer 
to a need by the surgical cardiac team of 
Montefiore Hospital for a pressure injector 
to perform retrograde aortogri aphy. Though 
this need appeared to be filled by the in- 
jector in early trials, its major value was 
found to be in a completely unsuspected 
field—the performance of routine venous 
angiocardiography. 

Consistently high quality diagnostic 
angiocardiograms could immediately and 
repeatedly be produced by any physician 
who used the injector without previous ex- 
perience. It is common knowledge among 
those who have attempted to introduce 
angiocardiography for the first time in any 
hospital that the major cause for failure is 
slow injection of contrast medium. After 


varying periods of experience (provided the 
operator’s patience has not been exhausted, 


and the entire procedure abandoned) most 
physicians can be trained to inject rapidly 
through a 14 gauge needle and a Robb 
syringe the required 50 cc. of contrast 
medium in 2 seconds. The manual dexterity 
required to do this is never rapidly ac- 
quired, and initial disappointments are 
commonplace. Even the well-trained in- 
dividual will occasionally perform a slow 
injection in a critical case, and a repeat ex- 
amination with its attendant morbidity 
becomes necessary. The most important 
obstacle to overcome is that finally, when 
the individual is well-trained, he is usually 
(and justifiably) reluctant to continue to 
give injections because of the roentgeno- 
logic hazard involved. 

It is for these reasons that the use of a 
manually-controlled pressure injector is 
felt to be a distinct advantage when em- 
ployed for routine angiocardiography. In 
essence, it completely eliminates the need 
for experience and skill in the rapid ad- 
ministration of the contrast medium; the 
operation is reduced to manually depressing 

lever. The absolute necessity for high 
pressure in injections for retrograde aortog- 
raphy and selective angiocardiography is 
well known and will not be discussed here. 

TECHNICAL DATA 

The machine (Fig. 1) consists of a base 
plate (1) to which are fastened a post 
(2) and a column (3). The post has a yoke 
cut into its top into which is mounted one 
end of the lever (4) by means of an axle 
passing through the yoke. The column fits 
through the head (5) that slides vertically 


* Formerly Assistant Roentgenologist, Montefiore Hospital, Clinical Assistant in Radiology, New York University Post Graduate 
Medical School. At present Director of Department of Radiology, E. A. Horton Memorial Hospital, Middletown, New York. 


t Engineer, Halm Instrument Company, Glenhead, New York. 
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Ki. 1. Manually-controlled pressure injector, with 
aluminum shield removed. (1) base plate, (2) post, 
(3) column, (4) lever, (5) head, (6) syringe plung 
er, (7) pedestal, (8) syringe barrel, (9) side outlet, 
(10) gravity lock, (11) nylon bumper. 


on it in pressing on the syringe plunger (6). 
In addition, there is a pedestal (7) for sup- 
porting the syringe barrel (8) under the 
offset section of the head. The pedestal sits 
in a hole in the base and has a side outlet 
(9) that leads to the plastic tubing and 
needle. 

The lever, in going from the yoke to the 
post, slides in a closely fitted opening in 
the head, thus preventing the head from 
turning around the column, and extends to 
become the handle of the machine, with a 
mechanical advantage ratio of 4:1. 

A catch (10) locks with a pin at the top 
of the column and holds the head and 
lever up automatically when the lever is 
elevated. It must be released to depress 
the lever for injection. 

A fixed nylon bumper (11) fitting around 
the base of the column controls the final 
stopping position of the head so that the 
plunger does not touch bottom in the 
barrel of the syringe 1n use. 

An aluminum shield (Fig. 2) slips over 
the syringe and pedestal to provide com- 
plete protection in the event of syringe 
breakage. The shield has an opening in its 
bottom edge through which connection 1s 
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obtained to the side outlet of the pedestal. 

Contacting parts of the machine roll on 
needle bearings to reduce friction. The 
machine attaches to any table by remoy. 
able clamps (not illustrated) to permit easy 
portability. 

DISCUSSION 

The equipment described presents a 
number of features of clinical interest. 

1. It is readily admitted that this man- 
ual injector cannot duplicate the pertorm- 
ance of the fully automatic pressure-regu- 
lated multithousand dollar Swedish in- 
jector.2 The latter machine provides a wide 
range of preselected pressures and speeds of 
injection. One may question, however, the 
value of the ability to vary pressures and 
speeds of injection to a fine degree. Basi- 
cally, the manual injector does provide all 
the for angiographic 
work, a relatively slow injection for angio- 
cardiography, and a very rapid injection 
for retrograde aortography and selective 
angiocardiography. In routine adult angio- 
cardiography, we have standardized our 
procedure to the injection of 50 cc. of 
contrast medium in one second. To accom- 
plish this, the lever must be deliberately, 
slowly depressed. Two minor advantages 
of this hand injector over the automatic 


speeds necessary 


4 

Fic. 2. Pressure injector with aluminum shield in 
place. Note that the syringe is now completely 
sealed in the event of breakage. 
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model are that mechanical breakdown and 
maintenance are no problem, and that the 
physician has complete control of the in- 
jection and may stop it at any time that 
he considers it necessary. 

2. The radiation hazard of ordinary 
angiocardiography is greatly reduced. With 
the automatic pressure-controlled injector, 
the hazard is completely eliminated, since 
the machine is operated by remote control. 
With the manually-controlled injector, it 
ig reduced to a negligible amount. Unlike 
the situation in routine angiocardiography, 
the operator need not remain in the room 
during the entire roentgen examination, 
attached to the syringe and the patient. 
Since we routinely take 30 frames with a 
Fairchild camera in all our cardiac studies 
(two frames per second), the exposure to 
the operator is considerable. With the 
manual injector, however, the operator re- 
mains in the room only during the one 
second required for the injection. 

3. The mechanical advantage of the 
machine is more than the 4:1 factor re- 
sulting from the physical design. After 


Fic. 3. The injector in action (triple exposure). The 
wide arc travelled by the lever extends well below 
the level of the table. 
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Fic. 4. Close-up of the syringe. Glass barrel with a 
light metallic plunger. This syringe is only needed 
for retrograde aortography and selective angio- 
cardiography. An ordinary Robb syringe is com- 
pletely satisfactory for regular angiocardiography. 


study of the motions involved, and con- 
sideration of the comfort of the operator, 
it was decided to arrange the lever so that 
the arc travelled would begin slightly above 
the table top at the level of the operator’s 
waist, and descend below the level of the 
table (Fig. 3). In this way, the operator 
not only has a convenient position for 
swinging the lever, but also can use his 
body pressure to exert further pressure at 
the end of the stroke. This feature is par- 
ticularly desirable when high speed injec- 
tions are necessary. 

4. The decision to use a glass syringe 
barrel with a metallic plunger was based 
upon experiment (Fig. 4). An _ all-glass 
syringe was satisfactory for routine angio- 
cardiography, and resulted in no breakage 
provided that a fresh syringe was used for 
serial injections. When high pressures were 
applied (50 cc. in 0.5 sec.),1t was found that 
the head of the plunger would shatter at 
the end of the thrust. The use of an all- 
metal syringe was considered and aban- 
doned, since it presented the potential dan- 
ger of the presence of undetected quantities 
of air. The optimum situation was therefore 
felt to be a glass barrel for visibility, with 
a metallic plunger to minimize breakage. 

5. The aluminum shield was introduced 
as an additional safeguard. If a closed 
system is present (e.g., obstruction of the 
lumen of the needle, or inadvertent locking 
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Fig. 5. Close-up of the upper end of the machine. 
Note the gravity lock which automatically locks 
when the lever is brought into the “up”’ position, 
and readily unlocks by a clockwise motion. 


of the stopcock) and pressure causes the 
syringe to shatter, the incidence can take 
place without injury to either the patient 
or the operator. Though this had not proved 
necessary in our experience, it has always 
been reassuring to have the shield in place. 

6. The gravity lock provides a con- 
venient method for locking the lever in the 
“up” position (Fig. 5). When the injection 
is ready to be given, the lever is readily 
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unlocked by flicking the catch over in 4 
clockwise direction. Every time the lever 
is raised to the top, it is automatically 
locked, thereby preventing an accidental 
descent of the lever before the Operator js 
ready to give the injection. 

>. The nylon bumper at the bottom of 
the column stops pressure on the plunger 
well above the level of the bottom of the 
glass barrel. This not only prevents direct 
injury to the base of the glass syringe, but 
also prevents the introduction of any small 
quantity of air which might remain on top 
of the column of contrast medium. 


SUMMARY 


A new manually controlled pressure in- 
jector is introduced for angiocardiography, 
retrograde aortography and selective angio- 
cardiography. Advantages of its use for 
routine angiocardiography 
The technical features of the machine are 
described in detail. 


are stressed. 


Walter Lentino, M.D. 
36 Ridge Avenue 


Middletown, New York 
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HEMANGIOPERICYTOMA 


REPORT OF 
WITH SPECIAL REFERENCE 


By KURT H. 


A CASE 
TO ROENTGEN THERAPY* 


KENT, M.D. 


LYNWOOD, CALIFORNIA 


HE original description of hemangio- 

pericytoma was published by Stout and 
Murray” in 1942. By 1954, §7 clinical cases 
had been reported although Stout, in a 
yersonal communication to Kay and War- 
then,’ stated that he had seen 1 10 examples. 
There has been no reference in the radio- 
logic literature to this rare and unusual 
vascular tumor. A review of the available 
reports disclosed that only patients 
actually had received roentgen therapy 
with varying dosage. The data are scant 
and incomplete and heretofore have not 
been analyzed to determine the value of 
irradiation. 

Recently we have observed a patient 
with hemangiopericytoma who was sub- 
jected to roentgen therapy. The initial 
response was favorable. For the purpose 
of future reference it was thought worth 
while to report the evidence in detail. 


PATHOLOGY 


Hemangiopericytoma is a vascular tumor 
endothelial 
sprouts and of proliferating pericytes. The 
pericyte, originally described by the Swiss 
histologist Zimmermann as a modified 
smooth muscle cell, is contractile and 
closely applied to the capillary wall. Its 
function is believed to consist in altering 
the size of the lumen of the capillaries. 
The term “‘pericyte’” aptly describes the 
location of the chief constituent of the 
tumor. Stout postulates two prerequisites 
for diagnosis: (1) That the endothelia retain 
their normal appearance and are separated 
from the pericytes by a fibrous sheath and 
(2) that the proliferating tumor cell is the 
pericyte. The diagnosis is exclusively histo- 
logic. In reviewing 2¢ 


composed ot capillaries or 


cases seven years 


after the original paper, Stout! concludes 
that the interim experience justifies the 
initial tentative classification. The histo- 
genesis still is to be proved, but it has been 
possible to group similar tumors under one 
heading. In former years this tumor was 
most likely confused with the hemangio- 
endotheliomas. These, however, are dis- 
tinguished by neoplasia of the endothelia 
taking place within the capillary sheath. 
Hemangio-endotheliomas also are for the 
most part extremely malignant neoplasms 
which are blood borne and metastasize 
early." The role of the capillaries in he- 
mangiopericytoma is still open to debate. 
Begg and Garrett’ express the opinion that 
the capillaries “‘participate in the growth 
only as a compensatory phenomenon.” 
Bacon, Sherman and Campbell® also com- 
ment on this point. 


CLINICAL FEATURES 


It is not surprising that hemangioperi- 
cytoma occurs in widespread locations. 
Stout” makes the statement that the tumor 
may be found wherever there are capil- 
laries. The literature records cases in which 
the site of origin ranges from the soft 
tissues of the lower extremity®*:"” to the 
rectum,’ sigmoid,” omentum,”’ retroperi- 
toneum,! extrarectal space,* axilla,“ hand,® 
skin® and meninges.’ 

The disease may occur at any age. Stout’s 
original paper includes 3 infants (skin 
lesions). Stout and Cassel’s patient!® was 
ninety-two years old when autopsy identi- 
fied an abdominal mass present for sixty 
vears as hemangiopericytoma of the omen- 
tum. In McCormack and Gallivan’s series® 
half of the patients were in the fourth and 
fifth decades. They mention 8 women and 


* From the Department of Radiology, St. Francis Hospital, Lynwood, California. 
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TABLE I 


FEBRUARY 
EBRI ARY, 1957 


HEMANGIOPERICYTOMA TREATED WITH ROENTGEN THERAPY 


— | Author “ge, Location of Tumor Roentgen Therapy Results 
1 | Stout and Murray® 37 F Liver metastases and rib me- | Small doses postopera Relief of pain in liver area, 
Case No. 9 tastases tively. No details No details regarding rib me- 
tastases 
2 | Sims, et al. 12 M | Growth over left scapula, | Three treatments of 425 r | Complete involution of all 
| Case No. 2 recurrent following electro- | each, 2 mm. Al filtration, | vascular lesions. Residual 
desiccation 4 cm. field one month | hyperpigmentation, two 
apart inches square 
3 Stout! 47 F | Mass to left of uterus; resid- | 7,200 r (air) in twenty- | Reduced but did not com- 
Case No. 19 | ual tumor, postoperative four doses through multi pletely eliminate thickening 
| ple ports during two | at site of the operation. No 
months follow-up 
Stout!” | 11 M | Mass, left lower quadrant a. Dec., 193s—Aug., 1936: | First course: tumor shrank 
Case No. 21 oP r air) three | but did not disappear. Lat- 
fields. er courses: some relief; tu- 
b. 1943: 3; r, anterior | mor continued to grow, Me- 
and posterior fields. tastases to skull and femur. 
Cc. 1944: 6,400 r, two an Death 9 years, 11 months 
terior, posterior and | after biopsy 
lateral fields 
¢ | Forrester and Houston’ 39 M | Primary tumor, left thigh. | “Roentgen therapy” to | “Little apparent effect.” 
: Retroperitoneal, chest, infra- | ‘“‘mass.”’ No details. Also | Died from pressure on tra- 
claviculat metastases had nitrogen mustard chea and asphyxia 
| 
6 Wise'4 43 M Large abdominal mass No details Five years later mass still 
| Case No. 2 present; was removed. 
Death 6 months later. Gen- 
eral metastases 
7 McCormack and Gallivan® 96 FF Retroperitoneal mass, right No details Mass receded following ra- 


Case No. 7 lower quadrant 


6 men. No sex or race predilections seem 
to exist although most reports refer to 
Caucasians. The chief complaint usually is 
the presence of a palpable or visible mass 
which may be stationary or slowly growing 
and which may have existed for a long time 
before the patient sought medical advice. 
If it becomes symptomatic, the pain or 
discomfort is usually due to pressure on 
the adjacent tissues, especially nerves. It 
has no gross clinical characteristic fea- 
tures and the diagnosis as previously stated 
is made on the basis of histologic examina- 
tion. McCormack and Gallivan believe 
that a tan color on cut section, which they 
found in 4 of their cases, may be a helpful 
means of identification. Roentgen examina- 
tion gives no specific clues but is essential 


diation therapy and_pro- 
duced no further difficulty. 
Death 


> years later 


from pneumonia, 


in detecting pulmonary or bone metastases. 
The presence of calcifications in the pri- 
mary tumor is infrequent but is recorded by 
Ackerman! and is noted in our own case. 
The tumor may be self limited and pursue a 
benign course; it may be locally invasive or 
it may metastasize. Distant metastases 
have been described to the skin, lymph 
nodes, bones, lungs, liver, peritoneum and 
retroperitoneal space. Stout has stated that 
there are no criteria available that would 
permit one to predict whether or not the 
tumor is malignant. Of 110 cases, 21 per 
cent showed recurrence or aggressive in- 
vasion and 12.7 per cent showed metastases. 
It 1S, however, noteworthy that malignancy 
is displayed strikingly by tumors arising in 
the lower extremities and in the lower 
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abdomen (Stout, Stout and Murray,’ 
Wise,!* McCormack and Gallivan,* Forres- 
ter and Houston’). 

With the inclusion of our own experi- 
ence, 10 cases of hemangiopericytoma aris- 
ing in the lower extremity”’**”? are now on 
record. Of these, 6 have been malignant, 
with pulmonary metastases in 4. In 2 
instances, localized recurrence was ob- 
served. 

From a clinical point of view it thus 
appears that hemangiopericytoma is a 
variable entity. The prognosis depends on 
biologic characteristics, the location and 
size of the tumor, and operability. Treat- 
ment has been surgical with occasional 
adjuvant roentgen therapy. When local 
excision is successful, the prognosis is good 
but recurrence is still a possibility. Even 
in the presence of metastases there may not 
be any immediate danger to life and 
these patients may engage in productive 
activities for years.? On the other hand the 
disease may rapidly fatal after 
metastases have appeared. 

REPORT OF A CASE 

History. Vhe patient referred by Dr. Clara T. 
Younger was a thirty-six year old white male, a 
native of California and a laborer by occupa- 
tion. He held jobs as a truck driver, sawman 
and termite exterminator. He was aware of a 
swelling in the right leg tor the past nine years. 
At the onset of his condition he thought he had 
a “charley-horse.” The leg became sore in- 
termittently. In February, 1952 he was seen by 
an orthopedic surgeon (Dr. C. C. McReynolds) 
who noted a mass in the right leg. The maxi- 
mum calf measurement on the right was 14} 
inches and on the left 123 
circumference of the right ankle was 73 inches 
and 7} inches on the left. The mass in the right 
calf measured 3 by 5 by 13 inches. It was fixed 
to the back of the tibia and not tender. Full 
motion of the right knee was inhibited and the 
right heel was stopped 3 inches from the buttock 
by the enlarged calf impinging upon the pos- 
terior thigh. Pulsations of the foot were normal. 
Roentgenograms of the leg showed a soft tissue 
mass but no calcifications or other distinguish- 
ing features. There was no bruit and no abnor- 
mal pulsations were palpated. No reference to 


inches. The minimum 
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skin temperature was made at that time. The 
lesion was diagnosed clinically as a possible 
fibrous (benign) mass underneath the calf 
group muscles and excision was advised but 
refused by the patient. 

The patient stated that he has had “‘asthma”’ 
all his life. His family physician treated him 
for an asthmatic bronchitis in 19§1, and again 
in December, 1953 for pneumonitis. After the 
acute process had subsided, he continued tc 
complain of “pleurisy pain” in the left chest. A 
chest roentgenogram (Fig. 1, 4 and B) showed 
two discrete masses overlying the medial aspect 
of the left lower lung field. On the lateral view 
these masses were seen to lie anteriorly. The 
lesion was believed to have originated in the 
anterior mediastinum and was considered to 
be a dermoid or teratoma or a tumor of pleural 
or pericardial origin, although the possibility of 
metastatic malignancy was suggested. 

The chest findings presented the main 
diagnostic and therapeutic problem. The fact 
that the patient also had an enlargement of the 
right calf was discounted at first since it had 
been present for many years and was thought 
to be benign. However, inasmuch as metastatic 
malignancy could not be excluded, it was 
decided to perform a biopsy on the potential 
primary lesion. The diagnosis of hemangioperi- 
cytoma of the leg was made; yet there still 
existed some doubt as to whether the mass in 
the chest was metastatic or not. As an apparent 
localized lesion, it probably was operable and 
exploration would be of material assistance in 
planning therapy for the leg. It was reasoned 
that if the chest lesion was an independent 
entity and resectable, then the tumor of the 
calf could be attacked vigorously. On the other 
hand, definite proof of metastases would 
militate against a radical procedure such as 
amputation. 

Physical Examination. On admission to the 
St. Francis Hospital on March 23, 1954, the 
patient was in no apparent distress. His family 
history was noncontributory. His past history 
was outlined above. His smoking habits con- 
sisted on one pack of cigarettes a day. Examina- 
tion showed a few small lymph nodes in both 
axillae and inguinal areas. The chest was clear 
to auscultation and percussion. No palpable 
abdominal masses were noted. The circumfer- 
ence of the right calf was 16¢ inches and of the 
left calf 12% inches. 

Laboratory Findings. Urinalysis was negative. 
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March 12, 1954. (4) Posteroanterior roentgenogram of the chest showing a mass in the left lower 


lung field. (B) Left lateral view discloses that the mass consists of two discrete densities in the anterior 


chest. 


The blood count showed the following: Hemo- 
globin 14.2 gm. per 100 cc., erythrocytes 4.7 
million, leukocytes 13,400, neutrophils 84 per 
cent (segmented cells 80 per cent, band cells 4 
per cent), eosinophils 2 per cent, lymphocytes 
12 per cent and monocytes 2 per cent. The red 


Fic. 2. March 23, 1954. Soft tissue mass in the 
calf muscle of the left leg. 


blood cells and platelets appeared normal, 
The Kline test was negative. 

Roentgen Findings. Chest roentgenograms of 
March iz, 1954 (Fig. i. A and B) showed two 
well defined homogeneous masses in the left 
lower Jung field anteriorly. The 
measured approximately 6 by 


larger one 
cm. at its 
greatest dimension and the smaller one, distal 
to it, 3 by scm. No other lesions were identified 
with certainty at that time. 

Films of the right leg (Fig. 2) dated March 
23, 1954 revealed a homogeneous soft tissue 
mass involving the entire calf. It measured 
approximately 10 by 2 
Heavy penetration films (Fig. 3, 


cm. on the lateral view. 
A and B) 
showed increased medullary trabeculation with 
slight central rarefaction in the upper shaft of 
the tibia extending over an area 3 by § cm. in 
diameter. The posterior cortex of the upper 
tibia was somewhat striated in appearance but 
there was no evidence of invasion or break- 
through. However, the tumor had produced a 
definite pressure defect on the posterior middle 
tibia and medial cortex of the fibula as evi- 
denced by some localized thinning. There were 
also a few specks of calcium deposits on the 
medial side of the tibia where the cortex formed 
a small rounded prominence. The bone changes 
were believed to be secondary in nature. 
Survey roentgenograms of the skull and 
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Fic. 3. March 23, 1954. Overpenetrated films of the left leg. (7) Increased medullary trabeculation in upper 
shaft of tibia with slight central rarefaction. Pressure defect, medial cortex of fibula. (B) Lateral view. 


Pressure defect on posterior tibia. 


pelvis failed to show any evidence of metastases. 

Operative Findings. Biopsy of the right leg 
(March 24, 19§4) showed the following: There 
was a large tumor mass underneath the calf 
muscles. A portion of the tumor exposed was 
just medial to the tibia and was firmly attached 
to it. It was glistening and white in color and 
appeared to be fairly well encapsulated. 

Left thoracotomy by Dr. William Henry on 
April 3, 1954 revealed two rounded tumor 
masses composed of pale gray, slightly hemor 


rhagic tissue in the most dependent portion of 


the lingular segment of the left upper lobe. 
They were adjacent to each other. The larger 
tumor was adherent to the pericardium and to 
the left phrenic nerve. Scattered throughout 
the left lung were numerous small nodules, at 
least seven of which could be palpated. The 
lesions in the lingular segment of the left upper 
lobe were dissected away from the pericardium 


with slight difficulty. The dependent portion 
of the lingula containing the tumor was then 
excised. A 1 cm. lesion of the left lower lobe was 
also removed by the wedge technique. 

Pathologic Report (Dr. D. J. Rehbock). The 
specimen removed from the leg on March 24, 
1954 was a narrow, wedge shaped biopsy 2 cm. 
in length. It was composed of tumor covered 
over one surface by a thick fibrous capsule. 

The specimen from the lung removed on 
April 3, 1954 consisted of two separate masses, 
one weighing 28 gm., the other 156 gm. Each 
consisted of tumor with a small amount of 
attached lung tissue partly covered by pleura. 
Each tumor had an external surface which was 
lobulated and covered by a thin fibrous capsule 
through which small tumor excrescences pro- 
truded. The cut surface was a mottled pale gray, 
vellow and red with friable, cellular tumor tissue 
interspersed with numerous large, irregular 
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Fic. 4. June 16, 1954. Nodular metastases shown in 
the left lower lung field. Note distinct nodule in 
left hilum. Metastases were present in both lungs. 


filled with fluid blood. The 
larger spaces measured as much as I.§ cm. in 
diameter. 

Microscopic examination showed the s 


vascular spaces 


same 
histologic picture in the leg and pulmonary 

tumors (Fig. 6). The tumor 
medium size with rounded or irregular vesicular 
nuclei which tended to be centrally placed and 
were surrounded by a moderate 


cells 


pale, vacuolated cytoplasm. Nucleoli were 
small and inconspicuous and mitotic figures 
were not seen. The cells were compactly ar- 


ranged with no visible stroma except for numer- 
ous capillaries and larger 
Tumor cells were closely applied to the external 
surface of the capillary endothelium. 
Postoperative Course and Roentgen Therapy. 
The patient made an uneventful recovery from 
the surgical procedures. Deep roentgen therapy 
to the right leg was started immediately (April 
8, 1954) and was continued on a five day per 
week schedule until April 30, 1954. The leg was 
crossfired alternately through one medial and 
one lateral port, 20 by 20 cm. in size, at the 
daily rate of 300 r (air). Each field received 
2,400 r (air). This resulted in a tumor dose of 
4,440 r at 6 cm. The physical factors were as 


vascular structures. 
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follows: 250 kv., 1§ ma., 0.§ mm. Cu and 1 mm, 
Al filtration, target skin distance 50 cm. and 
half-value layer 1.5 mm. Cu. 

There was a slight erythema at the comple. 
tion of therapy. By May Io, a moist radiation 
reaction was fully developed and was com- 
pletely healed by June 16. There was loss of 
hair and some pretibial edema with slight pit- 
ting of the skin. The circumference of the leg 
still measured 163 inches but the calf was much 
softer and the patient positively stated that his 
leg no longer felt “stony hard” and that the 
sensation of tension, present since the onset of 
his condition, for the first time had disappeared, 
By July 27, a definite increase in skin tempera- 
ture was noted. The leg had not become smaller 
in size (165 inches) but measured about one 
inch less upon arising. Also the pretibial and 
ankle edema had remained unchanged. 

Pulmonary metastases were obvious on a 
chest roentgenogram taken on June 16, 1954 
(Fig. 4). It showed multiple nodular lesions in 
both lungs, especially in the lower lobes, meas- 
uring from 5 to 12 mm. in diameter. The left 
hilum was distinctly enlarged by metastatic 
invasion. Subjective complaints consisted 
chiefly of pain in the left chest, malaise and 
some weakness. It was then decided to selec- 
tively irradiate the left lung and to leave the 
lesions on the right side as a control in order to 
determine the degree of radiosensitivity of the 
tumor. Accordingly, the left lower 
anterior and pos- 
field with the dome of the 
diaphragm, as determined fluoroscopically, as 
the lower border. Physical factors were the 
same as above. Each day 300 r (air) were ad- 
ministered for a total dose of 2,100 ¥F (air) to 
each field. The calculated tumor dose was 2,163 
r at 10 cm. The nipple was protected by lead. 
A moderate skin reaction ensued. The patient 
was ambulatory throughout the course and was 
able to work part time. By August 26 (Fig. §), 
the nodules in the left lung had disappez ared 
while there was no discernible change on the 
right side. Films at monthly intervals es- 
sentially presented the same findings. Four 
months after completion of therapy no metas- 
tases could be detected in the left lung. The 
nodular lesions in the right lung had not grown 
any further but there was a slight bulge in the 
right upper mediastinum, suggesting lymph 
node involvement. Roentgenograms of the 
right leg were comparable with the preopera- 


lung was 
treated through one 
terior 1§ by 1§ cm. 
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tive and pre-irradiation films. The skin tem- 
perature was returning to normal; only the 
edema persisted. On November 2, the right leg 
measured 16 inches in circumference; the 
measurements of the right ankle were 10 
inches and of the left ankle 8 inches. At that 
time the right lung had not been treated. The 
patient was still working as a termite exter- 
minator. 

Soon afterwards his condition began to 
deteriorate rapidly. A hard mass appeared in 
the right parietal area of the skull. A chest 
roentgenogram showed overwhelming metas- 
tases throughout the right lung and left upper 
lobe. Fewer lesions were seen in the irradiated 
left lower lobe. The patient became increasingly 
anemic and dyspneic and died on February 3, 
1955. 

Autopsy Findings (Dr. D. J. Rehbock). The 
autopsy report is condensed and limited to 
pertinent findings. 

External examination showed irregular pig- 
mentation over the calf of the right leg which 
was slightly larger than the lett. There was 
some brown pigmentation over the lower por- 
tion of the left thorax. 


Fic. 5. August 26, 1954. Metastases in left lower 
lung field have disappeared following roentgen 
therapy. The nodule in the left hilum is no longer 
visible, 
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Fic. 6. Photomicrograph of tumor metastasis in 
lung. Tumor cells are closely applied to the ex- 
ternal surface of the vessel wall (X 360). 


On section the peritoneal cavity was free of 
fluid. The liver extended well below the level of 
the umbilicus. The right pleural cavity con- 
tained approximately 300 cc. of thin, blood 
tinged fluid. The pleural surfaces were studded 
with large tumor masses measuring up to 3 
cm. in diameter, lobulated masses projecting 
from the parietal pleura as well as from the 
visceral pleura. In some areas there were 
adhesions which bound lung and tumor to the 
chest wall. No free fluid was present in the left 
pleural cavity but there were fibrous adhesions 
between the entire left lung and the chest wall. 

The weight of the lungs together was 3,850 
gm. The right lung showed many large tumor 
masses projecting from the pleural surface and 
involving the lung parenchyma with distortion 
of the lobes and fusion of the interlobar spaces. 
The tumor over the pleura of the lower lobe 
measured up to as much as 3 cm. in thickness. 
It was white, opaque, cellular and friable. The 
left lung showed irregular pleural invasion and 
scattered tumor nodules within the paren- 
chyma. The tumor was much less extensive 
than was seen on the right but on the cut sur- 
face it had the same white, cellular appearance. 
There were massive bronchial lymph node 
metastases and there was involvement of the 
inner surface of the sternum with no evidence of 
invasion of the bone. 

The liver weighed 1,520 gm. In the left lobe 
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there were several scattered, small nodules, the 
largest 0.8 cm. in diameter. None were seen in 
the right lobe. 

The retroperitoneal lymph nodes were small, 
the largest one 1.5 cm. in length but they were 
firm and showed tumor growth in the lower 
abdominal portion adjacent to the aorta. 

On removal of the calvarium there was found 
a large area, 10 cm. in diameter, in which there 
was bony destruction involving the right part- 
etal and occipital bones. The underlying dura 


was adherent to this area and projections of 


tumor extended from the dura into the bone as 
well as into the subdural space. The tumor had 
a nodular surface and it was elevated as much 
as I cm. in some places. The inner and middle 
tables were affected with no change in the outer 
table except in the midportion where there was 
a mass, 2 cm. in diameter, which projected out- 
ward beneath the scalp. Over the left parietal 
lobe there was one small area, I cm. in diameter, 
where the tumor had spread to the dura and the 
inner table of the skull. 

Section of the calf of the right leg revealed a 
well tumor 
diameter, which involved the deep musculature 
but which appeared to lie between fascial 
planes without any irregular invasion of sur- 
rounding muscle. The cut surface showed 
moderately firm, friable areas which were 
pale brown and semi-translucent, other areas 
being cystic and occupied by blood clots. There 
was a moderate amount of fibrosis around and 
extending through the tumor in irregular pale 
gray fibrous strands. 

Microscopic Findings. A section taken from 
the periphery of the right lung showed a 
highly cellular tumor, the cells being char 
acterized by small, round or slightly ovoid 
nuclei surrounded by a relatively large amount 
of clear cytoplasm. These cells had no architec- 
tural pattern and they were supported entirely 


circumscribed mass IO cm. In 


by a delicate vascular stroma with numerous 
small capillary vessels. The capillary vessels 
were lined by endothelium and were immedi- 
ately surrounded by tumor cells. The pleural 
surface was covered by a thick layer of organiz- 
ing fibrinous exudate. A section taken from the 
periphery of the left lung showed tumor of the 
same type as described above, the cellular 
structure being identical. The tumor involve- 
ment was less extensive. 

A section of liver showed 


one metastatic 
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tumor nodule of the same type as described 
above. 

A section of the involved dura showed highly 
cellular tumor of the same type as described 
above projecting from both surfaces. Tumor 
was present within vascular channels within 
the fibrous membrane. 

Kive different sections taken from the right 
leg showed most ot the tumor to be necrotic 
and. represented only by granular acidophilic 
material containing no. cellular structures 
except for a few small blood vessels. In some 
areas there was visible tumor and it had the 
same cellular structure as that described above. 
In these areas there were foci of hemorrhage 
and there were numerous large channels filled 
with blood, the channels being lined by neo- 
plastic cells. Hemosiderin pigmentation was 
present within the degenerated areas in some 
places. 

Final Pathologic Diagnosis. 
hemangiopericytoma of the right 


Malignant 
leg with 
extensive metastases to lungs, pleura, intra- 
thoracic and abdominal lymph nodes, dura 
mater, bony calvarium and with a few small 
the left lobe of the 
Hydrothorax, right. 3. Emaciation. 


metastases to liver. 2, 


DISCUSSION 


The pattern of evolution of metastasiz- 
ing hemangiopericytoma was characteristic 
in the above case. There were several fea- 
tures identical with those exhibited in 4 
patients described in the Jiterature®:*:" in 
whom the primary tumor originated in the 
leg. All were in the younger age group 
(twenty-seven to forty). The tumor was 
known to have existed for several years. All 
developed pulmonary and 3 
out of 4 died from the disease. 

An analysis of Table 1 reveals that there 
are seven verified cases of hemangioperi- 
cytoma on that have received 
roentgen therapy. The physical factors, 
dosage and number and size of ports are 
either incomplete or missing altogether. 
High voltage radiation probably was em- 
ployed in all patients except one (Case 2) 
who had superficial therapy. Cases 3 and 4 
appear to have had an adequate dose 
administered although the time interval in 
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the first course in Case 4 seems to be unduly 
long (December, 1935-August, 1936). The 
results were as follows: Complete involu- 
tion of all vascular lesions was achieved in 
a recurrent skin tumor (Case 2) with three 
treatments of 425 r, one month apart. This 
was a remarkably good result with a 
relatively small dose. In Case 7 a retro- 
peritoneal mass receded after roentgen 
therapy and the patient lived for seven 
vears without relapse, death being due 
to other causes. In 2 instances the tumor 
became smaller but one patient (Case 4) 
who lived for about ten vears afterwards, 
eventually succumbed to the disease and 
there was no follow-up in the other one 
(Case 3). Case 6 presumably was helped by 
irradiation because he lived for five years 
after exploration and roentgen therapy. 
Palliation was mentioned twice (Case 1 and 
4). It was stated only once (Case 5) that 
“radiation had no apparent eftect.”’ Un- 
fortunately no details were given. 

Thus in 6 out of 7 cases, roentgen 
therapy exerted a_ beneficial influence 


ranging from palliation to disappearance ot 


the lesion. Our own findings demonstrated 
a softening of the primary tumor with 
relief of tension and discomfort. The most 
dramatic proot of radiosensitivity, how- 
ever, was the disappearance of the pul- 
monary metastases that were treated with 
roentgen therapy, whereas the untreated 
lesions were not affected. Furthermore, 
microscopic examination of the autopsy 
specimen of the primary lesion in the leg 
showed a marked necrosis with only a few 
viable tumor cells remaining. There was 
also much less involvement of the irradiated 
left lung as compared to the chaotic tumor 
growth in the right chest. 

It was of interest to note that roentgen 
therapy produced only a softening of the 
primary tumor but no significant decrease 
in the size of the leg. The skin temperature 
remained elevated, indicating persistent 
augmented vascularity. Evidently, as late 
as three months after treatment, there was 
still an abnormal increase 1n blood supply. 


Hemangiopericytoma 355 


This may have been due to reactive hyper- 
emia following deep roentgen therapy. 
However, the question also arose whether 
the capillary proliferation responsible for 
the higher temperature was merely a 
concomitant feature of the tumor as 
suggested by Begg and Garrett‘ rather than 
the neoplastic process itself. 

No dogmatic generalization can be made 
regarding the effects of irradiation on 
hemangiopericytoma on the basis of a 
single observation; however, the results 
of the planned course of therapy in our 
patient corroborate the experience of others 
in that at least palliation can be obtained. 
It is possible that the tumor is quite radio- 
sensitive requiring smaller doses than those 
administered. In the majority of cases 
treated, the lesion proved to be responsive. 
A study of the preceding case histories 
leaves the impression that roentgen therapy 
might have been of value at times. 

There has been an increasing number of 
new cases since 1949 as compared to the 
isolated reports between 1942 and 1949. 
Even though the tumor is admittedly 
rare, it is to be expected that hemangio- 
pericytoma will be recognized in the future 
more often. With regard to management, 
the following suggestions are made: The 
primary treatment of hemangiopericytoma 
is surgical removal. Postoperative roentgen 
therapy is indicated when excision is im- 
possible or incomplete or when there is a 
local recurrence. A single metastasis (e.g., 
in the lung) can either be treated by resec- 
tion or irradiation. In the presence of 
multiple metastases palliative irradiation 
should be administered. There is no refer- 
ence to any experience with preoperative 
roentgen therapy. It might be useful in the 
highly vascular lesions, especially when 
located in the pelvis or retroperitoneal 


space. 
SUMMARY AND CONCLUSION 


1. A case of primary hemangioperi- 
cytoma arising in the soft tissues of the leg 
with generalized metastases is reported. 
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The pathologic and clinical features of the 
disease entity are discussed. Autopsy find- 
me are included. 

2. Objective response of the tumor to 
roentgen therapy is demonstrated. This 
supports the experience in 6 out of 7 pa- 
tients previously described in the litera- 
ture. 

3. It is suggested that irradiation is a 
valuable adjunct to surgery in the treat- 
ment of this rare tumor. 
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RADIATION PROTECTION IN ANGIOGRAPHY 


HE “maximum permissible dose” of 

ionizing radiation is continually being 
revised downward.’ This trend will doubt- 
less continue. Recent scientific and politi- 
cal activities directed at assessing the 
hazards of radiation for the world popula- 
tion, particularly future generations, have 
brought the diagnostic medical applications 
of roentgen rays under the closest scru- 
tiny.) 

The utilization of angiographic pro- 
cedures—angiocardiography, aortography, 
cerebral angiography, and peripheral ar- 
teriography—is rapidly expanding. In this 
field, and most prominently in cardiac 
studies, exploitation of the possibilities of 
ever increasing numbers of roentgen film 
exposures in rapid sequence has kept pace 
with technical developments aimed at re- 
ducing radiation dose. Thus, relatively 
large local doses are frequently admin- 
istered and an arbitrary “maximum per- 
missible”” exposure to the patient* may be 
approached or exceeded in a single rapid 
sequence angiographic study. In such pro- 
cedures the very real hazard 
exposure of the medical personnel involved 


of over- 


must always be considered and con- 
trolled.°:*7 
The clinical situation usually fraught 


with the greatest radiation hazard is the 
complicated cardiac diagnostic problem 
especially when evaluation of possible con- 
genital defects is required. The patient, 
commonly an infant or child, may go 
through a succession of examinations in- 
cluding fluoroscopy and chest roentgenog- 
raphy, the number of which is often directly 
proportional to the remoteness of the family 
from the “larger center’ where the defini 
tive study and decision as to treatment are 
ultimately effected. At each stage in this 


* A number of authorities have used approximately 


2¢r for this 


diagnostic work-up the patient’s physician 
and the radiologic consultant have the 
joint responsibility of considering whether 
more elaborate studies in their particular 
locality or institution are justified. It must 
be emphasized that, for the patient, the 
other risks encountered in heart catheteri- 
zation or angiography the 
radiation hazard. However, such a com- 
plete study may result in a total skin dose 
of well over 100 r; often such a combined 
study is accomplished in a single day. 
(First degree erythema may result from 
approximately 150 r diagnostic quality 
roentgen rays delivered in one day; if such 


overshadow 


a dose is given no additional roentgen ray 
exposure should be permitted for fourteen 
days.)' 

Fluoroscopy during heart catheterization 
retains greater radiation danger than the 
usual angiographic procedures. The best 
modern fluoroscopes deliver 6 to 8 r per 
minute (3 ma.—8s5 kv.) at the table top 
but, unfortunately, many machines still in 
use produce very much larger skin dose 
rates. The catheterization procedure may 
involve ten to twenty minutes of fluoro- 
scopic time. As in any radiologic technique, 
the field size should be kept at a minimum 
with the beam adequately coned (direct 
radiation need reach the gonads in rela- 
tively few angiographic procedures). Fil- 
tration of at least 2 mm. Al added is es- 
sential, and the maximum practical target 
to skin distance should be used. The total 
fluoroscopic time permitted must be regu- 
lated by the known r output of the ap- 
paratus used. 

Practical fluoroscopic image intensifers 
are now available which make possible re- 
duction of the fluoroscopic dose by one fifth 
to one tenth with improved visualization. 


lose.*:4 


| 


1957 


clan 

the 
ther 
ular 
nust 

the 
teri- 

the 
om- 
dose 
ined 
day. 
rom 
lity 
such 

ray 
teen 


tion 

the 
best 

per 

top 
dose 
may 
loro- 
que, 
num 
irect 
rela- 

Fil- 
es- 
irget 
total 

ap- 


ifiers 
e re- 
fifth 
tion, 


VoL. 77» No. 2 Editorial 359 


Substitution of image intensifier fluoroscopy 
for conventional screening can now be 
strongly recommended for all cardiac 
fluoroscopy in infants and children and for 
all heart catheterization.* 

For angiography direct roentgenograms 
exposed 1 in rapid sequence remain most gen- 
erally applicable at the present writing. 
Photofluorogr: aphy with the best avail: able 
mirror optics requires § times the dose 
needed for an equivalent direct roentgeno- 
gram. It has been well emphasized that 


image quality rather than the number of 


films exposed per unit of time is a prime 
consideration. However, the image in- 
tensifiers permit cineangiography at high 
speeds (in excess of 60 frames per second) 
with doses from I to per cent of those 
previously required for direct motion pic- 
ture photography of the fluorescent screen. 
This renders practical motion picture 
angiocardiogr: aphy of infants, with good 
projected imi ge quality, at dos: ige levels 
less than required for conventional fluoro- 
scopy. The advantages of motion study 


may well outweigh the disadvantage of 


poorer single frame image quality in com- 
parison to direct roentgenography. The 
image intensifiers should find a place in 
selective angiocardiography in adults in 
addition to their proved and obvious util- 
ity in pediatric cardiology. 

The responsibility of the radiologist lies 
in knowing the magnitude of the radiation 
hazard and in minimizing it for the patient 
and for the medical personnel exposed, in- 
cluding radiologists, surgeons and anes- 
thetists. This requires monitoring not only 
of the apparatus used but also of actual 
procedures. The safest available roent- 
genologic technique which can be expected 


to give the needed information should be 
employed. 

By institution of well known measures 
angiographic examinations of any kind can 
be made safe for medical personnel. For 
the patient the radiation exposure, when 
kept to a practical minimum, is a negligible 
price to pay for the possible benefits from 
an important diagnostic study judiciously 
undertaken and competently performed. 


Hersert M. Sraurrer, M.D. 
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LOS ANGELES RADIOLOGICAL SOCJETY TO 
SPONSOR NINTH ANNUAL MID-WINTER 
RADIOLOGICAL CONFERENCE 

The Ninth Annual Mid-Winter Radi- 
ological Conference, sponsored by the Los 
Angeles Radiological Society, will be held 
at the Biltmore Hotel, Los Angeles, Cali- 
fornia, Saturday and Sunday, February 23 
and 24, 1957. 

An outstanding program of pertinent in- 
terest has been arranged, and the guest 
speakers will be Dr. John Caffey, New 
York; Doctor Johan 
Ulleval Hospital, Oslo, Norway; Doctor 
Merrill C. Sosman, Boston; and Professor 
Brian W. Windeyer, University of London 
and Middlesex Hospital, London, England. 

The conference fee of $20.00 includes two 
luncheon meetings featuring questions and 
answers. A banquet ($7.50 per plate), pre- 
ceded by cocktails will be held Saturday 
evening. Reservations may be made through 
Dr. Louis J. Bonann, 1245 Glendon Avenue, 
Los Angeles 24, California. 

Courtesy cards will be available to resi- 
dents in radiology and radiologists in the 
Armed Forces by advance registration, 
with reduced tariff for the luncheons and 
banquet. Hotel reservations should be made 
promptly through the Convention Mana- 
ger, Biltmore Hotel, Los Angeles, Cali- 
fornia. 

EASTERN CONFERENCE OF RADIOLOGISTS 
TO BE HELD IN NEW YORK CITY 

The Eastern Conference of Radiologists 
is to be held at the Waldorf-Astoria Hotel, 
New York City, March 7, 8 and g, 1957. 
Invitation is extended to all radiologists 
and their families to attend the Conference. 
A theater party has been arranged for 
Thursday evening, March 7, following the 
traditional cocktail party. The price of 


Frimann-Dahl_ of 


SOCIETY PROCEEDINGS AND NEWS ITEMS* 


— 


tickets on the mezzanine is $5.75, while 
orchestra seats are $7.50 and $6.25. The 
Conference registration fee for physicians 
and visitors will be $25.00. The fee for 
wives and guests will be $15.00. Checks 
covering registration fees and _ theater 
tickets should be mailed to Dr. Harold G, 
Jacobson, Treasurer, Department of Radi- 
ology, Montefiore Hospital, 210th Street 
and Bainbridge Avenue, New York, New 
York. 


DR. JOHN CAFFEY DELIVERS MACKENZIE 
DAVIDSON MEMORIAL LECTURE 

Dr. John Caffey, Columbia-Presbyterian 
Medical Center, New York City, delivered 
the Mackenzie Davidson Memorial Lec- 
ture and received the medal and award of 
the British Institute of Radiology at its 
annual meeting in London, England, De- 
cember 6 and 7. 


THE AMERICAN BOARD OF RADIOLOGY 

Candidates who started their residency 
in 1956 will be expected to devote three 
vears to formal residency training in an ap- 
proved department of Radiology, p/us one 
vear of practice or additional training in or- 
der to be eligible to appear for examination 
by the American Board of Radiology. 

Those individuals who may be called to 
military duty during their residency and 
have been assigned to a department of Ra- 
diology for one year or more, may substi- 
tute this time for the required one year of 
practice or additional training. 

All candidates for examination after 1956 
must have received three years’ formal, ap- 
proved residency training regardless of mil- 
itary duties. 

Dr. B. R. Kirkiin, Secretary-Treasurer 
Rochester Minnesota 


* The list of Meetings of the Radiological Societies appears in the January, 1957, issue of the JourNAL, and will be published in the 


March number. 
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BOOK REVIEWS 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for 
the courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


SpLENO-PORTOGRAPHIE. ETUDE RADIOLOGIQUE 
ET CLINIQUE DE LA CIRCULATION PORTALE 
NorMALE ET PATHOLOGIQUE. EXPLORATION 
pES ORGANES Sus-ME£soco iques. Par Lucien 
Leger. Paper. Price, 1.600 fr. Pp. 166, with 
89 illustrations. Masson et C'*, Editeurs, 120 
boulevard Saint-Germain, Paris 6°, France, 
1955. 


Contrast visualization of the spleen, spleno- 
portal venous system and liver by intrasplenic 
injection of opaque material constitutes a 
recent development. This book presents a 
series of surprising and diverse roentgenologic 
documents. It is intended to show the conclu- 
sions which may be drawn from a morphologic 
study of the splenoportal system, including the 
spleen, the pancreas and the liver. The illustra- 
tions are exceptionally good. A final chapter of 
the book deals with insufficiencies and limita- 
tions, as well as with hopes for the future of 
splenoportography. As a reasonable precaution, 
the patient should be under observation in the 
hospital for twenty-four hours. Repetition of 
the maneuver after an interval of a few days 
or weeks causes no inconvenience. The author 
reports a case where the test was made four 
times without harm, and he cites a case of 
hepatic cirrhosis where the test was done eight 
times in fourteen months without any accident 
or untoward symptoms. 


James T. Case, M.D. 


CuintcAL PATHOLOGY; APPLICATION AND IN- 
TERPRETATION. By Benjamin B. Wells, 
M.D., Ph.D., Director of Clinical Investiga- 
tion, The Lynn Clinic, Detroit. Former Pro- 
fessor of Medicine and Chairman of the De- 
partment of Medicine, Creighton University 
School of Medicine, Omaha. Second edition. 
Cloth. Price, $8.50. Pp. 488, with 25 illustra- 
tions. W. B. Saunders Company, 218 West 
Washington Square, Philadelphia 5, Penn- 
sylvania, 1956. 


The selection and interpretation of labora- 
tory tests as aids in clinical diagnosis are mat- 
ters which have rapidly increased in complex- 
ity. For the practicing physician, faced with a 


61 


bewildering array of possible examinations, this 
book offers a synopsis of generally available 
laboratory procedures and gives a brief sum- 
mary of their merits and limitations. It is not a 
textbook of clinical pathology nor does it claim 
to be one. The new edition has added brief dis- 
cussions of the C-reactive protein test, the 
transaminase test, and a chapter on laboratory 
procedures. The text has been rearranged and 
the format considerably improved. 

In the reviewer’s opinion this book could 
benefit greatly from the addition of a bibliog- 
raphy. Its coverage of subjects is of necessity 
somewhat superficial, but the more inquisitive 
reader finds almost no references to aid him in 
a further pursuit of a given topic. It fulfills its 
announced intent of providing a survey of the 
expanding field of clinical pathology, but it 
could be infinitely more valuable if future edi- 
tions were supplemented by many more per- 
tinent, up-to-date references. The subjects of 
uterine exfoliative cytology, paper electro- 
phoresis and chromatography might also merit 
some mention. However, the author’s wide ex- 
perience and comprehension of the uses and 
pitfalls of laboratory examinations make this a 
useful reference book for the busy physician. 


Epwin M. Knicuts, Jr., M.D. 


ATLAs OF EXFOLIATIVE CyToLoGy. SupPLE- 
MENT I. By George N. Papanicolaou, M.D., 
Ph.D., Clinical Professor of Anatomy Emeri- 
tus, Cornell University Medical College. 
Looseleaf. Price, $4.00. Sixteen plates. Pub- 
lished for The Commonwealth Fund by the 
Harvard University Press, Cambridge, Mas- 
sachusetts, 1956. 

As stated in the preface to the atlas, pub- 
lished in 1954, the loose-leaf style was adopted 
in the hope of keeping abreast of new advances 
through periodic addition of illustrative and 
descriptive material. This, the first supple- 
ment, follows the format and style of the atlas. 
It includes 16 new full-page plates in color on 
the following topics: female genital system, 
respiratory system, digestive system, exudates, 
breast, miscellaneous, and mitosis. A subject 
index to the supplement is also provided. In 14 
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of the 16 plates comparative illustrations are 
given of histopathologic and cytologic appear- 
ances, “thus bringing out clearly not only 
similarities but also dissimilarities, which are 


often marked.” This is the principal feature of 


the supplement and represents its main im- 
provement over the original material. The il- 
lustrations are of surpassing quality and are 
accompanied by brief descriptions and discus- 
sions of each figure. 

With time and the experience of many 
workers, we may expect to have presented for 
us additional suppleinents in which the defini- 
tion of cellular 
rendered sharper. 


morphology is constantly 


S. E. Goutp, M.D. 


ANKYLOSING Sponpy itis. By J. Forestier, 
M.D., F.A.C.R. (Hon), Aix-les-Bains; F. 
Jacqueline, M.D., Aix-les-Bains; and_ J. 
Rotes-Querol, M.D., Barcelona. Translated 
by A. U. Desjardins, M.S., M.D., F.A.C.P., 
F.A.C.R. Cloth. Price, $10.75. Pp. 374, with 
145 illustrations. Charles C Thomas, Pub- 
lisher, 301 East Lawrence Avenue, Spring- 
field, [llinots, 1956. 

The authors used 40 cases with an evolution 
of twenty years, as a group, to compile the 
incidence of the disease, the symptoms, roent- 
gen findings, clinical forms, and pathology, and 
to evaluate their success in the treatment of the 
disease. Their personal observations and their 
conclusions compared 
those of other authors. 

The volume is easy to read and to handle. 
The illustrations are above average. A very 
comprehensive — bibliography, both 
historical and clinical phases of the subjects dis- 
cussed, is included. This book will be valuable 
to those interested in this phase of rheumatol- 
ogy, including its roentgenologic characteristics. 


FRANK P. Watsn, M.D. 


are impartially with 


covering 


INTERPRETATION OF FRACTURES 
AND Distocations. By Joseph 
M.D., Chief, Department of Radiology, 
Mount Zion Hospital, San Francisco, Cali- 
fornia; and Ben Colloff, M.D., Associate 
Chief, Department of Orthopedic Surgery, 
Mount Zion Hospital, San Francisco, Cali 
fornia. Cloth. Price, $7.75. Pp. 284, with 258 
illustrations. Charles C Thomas, Publisher, 
301 East Lawrence Avenue, Springfield, Illi 
nois, 1956. 


ROENTGEN 
Levitin, 


Book Reviews 


FEBRUARY 


» 1957 


The authors, a roentgenologist and an ortho. 
pedic surgeon, have successfully collaborated 
in presenting in straightforward, easily under- 
standable prose a basic concept of what con- 
stitutes a generally satisfactory reduction. Two 
hundred and fifty-eight diagrams well illustrate 
the mechanism of fracture with associated 
muscle pull. The chapters on the pelvis, thorax, 
and spine are, however, rather sketchily out- 
lined. 

The authors properly stress the vast differ. 
ence between a perfect anatomic alignment and 
a good functional result. These are not neces- 
sarily synonymous. The functional restoration 
must be constantly emphasized. 

Roentgenologists are commonly required to 
determine the onset of healing. The authors 
evaluate the factors which delay healing: dis- 
traction due to skeletal traction, use of hanging 
casts, inadequate mobilization, impairment of 
blood supply, shearing stress in femoral neck 
fractures, interposition of muscles, and finally, 
infection. All these indicate the numerous fac- 
tors to be recognized before definitive opinion 
can be stated. 

Where the roentgenologist and orthopedic 
surgeon are in constant consultation, this book 
will be merely an aid to the radiologist. When 
the radiologist is in constant liaison with general 
practitioners, this book will improve his funda- 
mental understanding of routine procedures. To 
residents in the field, 1t should prove valuable. 

The reviewer does feel that this book should 
have mentioned, if only briefly, the overtreat- 
ment of fractures in the following conditions: 
fractures of the transverse processes of the 
lumbar vertebrae, fractures of the pelvic bones, 
undisplaced fractures of the patella, fractures of 
the distal fibula involving the ankle joint, and 
fractures of the head and neck of the humerus. 


STEPHEN N. Tacer, M.D. 
ANNUAL Review oF Mepicine. VOLUME 7. 
1956. David A. Rytand, Editor. Cloth. 
Price, $7.00. Pp. 611, with illustrations and 
tables. Annual Reviews, Inc., Stantord, 


California, 1956. 


This is an excellent review of selected sub- 


jects. The book is not intended to review the 


entire field of internal medicine in any one year, 
as the name might imply. Rather, the reviews, 
by well chosen authors, are limited to topics 
which vary from year to year. It should be 
that the volume contains a 
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section entitled “Radioactivity Injury and Re- 
covery from Radiation Exposure,” by J. W. 
Howland, and one entitled “Hematopoietic 
Responses to Radiation Injury,” by L. Jacob- 
son. 

The reviews are comprehensive. They not 
only deal with the recent literature but fre- 
quently refer to earlier papers. The bibliog- 
raphy that accompanies each subject is ex- 
tensive. 

A very worthwhile section of this work is 
the annotated list of reviews in medicine. This 
is a list of review articles on various subjects 
related to internal medicine which have ap 
peared in the literature during the period from 
the previous list to December, 1gSS. Whereas 
this section might be of more value and more 
easily used with a different system of classifying 
the reviews, the authors note that improve- 
ments on classification will be forthcoming in 
later volumes. 


C. BisHop, M.D. 


LUNGENKREBS UND BRONCHOGRAPHIE. Von 
Doz. Dr. H. Anacker, Giessen. Cloth. Price, 
$6.80. Pp. 78, with 45 illustrations. Georg 
Thieme, Herdweg 63, Stuttgart, Germany, 


This is a rather short monograph on the 
bronchographic findings patients with 
bronchogenic carcinoma. It is based on a study 
of more than s00 cases with bronchogenic 
carcinoma. Some detailed anatomical studies 
of g1 surgical specimens are reported. A positive 
roentgen diagnosis was possible in 82 per cent 
of the cases in which bronchography was per- 
formed. Positive bronchographic findings were 
present in almost all cases of bronchogenic 
carcinoma near the hilum, whereas the major 
ity of the negative findings were found in those 
cases in which the lesion originated in the 
periphery. The bronchographic findings and 
their differential diagnoses are discussed in de 
tail. 

Of particular interest are the deductions 
which are drawn from the bronchography in 
regard to the origin of bronchogenic carcinoma, 
For the majority of the cases, the mouth of a 


segmental bronchus is thought to be the site of 


origin for the tumor. Anatomic and physiologic 
reasons for the prevalence of this site are dis 
cussed. The study 1S of considerable interest. 


RicHARD ScHatzkt, M.D. 
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THe TREATMENT OF Fractures. VoLuMeE I, 
By Lorenz Bohler, M.D., Director of the 
Accident Hospital, Vienna; Professor of 
Accident Surgery, University of Vienna. 
Translated from the Thirteenth German 
Edition by Hans Tretter and others. Cloth. 
Price, $24.50. Pp. 1,104, with 1,721 illustra- 
tions. Grune & Stratton, Inc., 381 Fourth 
Avenue, New York 16, New York, 1956. 
The author meticulously presents the methods 

of treatment of injuries currently employed by 

himself and associates. He bases his recom- 
mendations upon 660,000 injury cases treated 
at the Accident Hospital in Vienna, in ad- 
dition to his experiences in both World Wars 

and in Spain in 1937. 

An organized plan of treatment is presented 
in detail for each specific injury, including his 
method of organization of a service for the 
treatment of traumatic injuries. This first 
volume is devoted to principles of the general 
treatment of injuries and the specific treatment 
of injuries of the skull, spinal column, pelvis, 
chest and abdomen, the shoulder girdle and 
upper extremity. The author describes his ap- 
proach to gunshot wounds of the described 
areas. This survey of trauma includes a de- 
scription of the factors the author believes 
predispose to failure in treatment in his case 
analyses. In each instance the specific materials 
to be used and the manner of their utilization 
are discussed in minute detail. 

Many American and British surgeons will not 
agree with the author’s method in every in- 
stance. They will, however, be stimulated by 
his methods, which are provocatively, rather 
than pedantically, presented. The volume is 
easy to read, well illustrated, and carefully in- 
dexed. 

The material in this volume represents a 
fantastically large amount of work by the 
author and his associates. The volume justly 
deserves a place in the library of any surgeon 
interested in the treatment of trauma. It ap- 
proaches the status of an encyclopedia in its 
completeness. 

FRANK P. Watsu, M.D. 
BOOKS RECEIVED 

Some Errects or lonizinc Rapiation on HumMAn 
Bernas. Edited by E. P. Cronkite, V. P. Bond, and 
C. L. Dunham. From the Naval Medical Research 
Institute, Bethesda, Maryland; U. S. Naval 
Radiological Defense Laboratory, San Francisco, 
California; and Medical Department, Brookhaven 
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ATLAS OF 


National Laboratory, Upton, New York. Paper 
Pp. 106, with illustrations and tables. United 
States Atomic Energy Commission, Oak Ridge, 
Tennessee. For sale by 
Documents, U. S. Government Printing Office, 
Washington 25, D. C., 1956. 


ADIOLOGY OF THE ALIMENTARY TRACT IN INFANCY. 
By Roy Astley, M.B., M.R.C.S., D.M.R., Radi- 
ologist, The Children’s Hospital, Birmingham 
(United Birmingham Hospitals); Clinical Lec- 
turer in Radiology and Lecturer in Radiological 
Anatomy, University of Birmingham. Cloth. 
$10.00. Pp. 287, with numerous figures. Edward 
Arnold (Publishers) Ltd., London. In United 
States: The Williams & Wilkins Co., Mount Royal 
and Guilford Avenues, Baltimore 2, Maryland. 


Tumors OF THE NErRvouS System. 


By 


the Superintendent of 


Books Received 


FEBRUARY, 1967 


H. M. Zimmerman, M.D., Chief, Laboratory 
Division, Montefiore Hospital, and Professor of 
Pathology, College of Physicians and Surgeons, 
Columbia University, New York City; Martin G, 
Netsky, M.D., Associate Neuropathologist and 
Associate Attending Physician in Neuropsy- 
chiatry, Montefiore Hospital, New York City. 
Presently Professor of Neuropathology and As- 
sociate Professor of Neurology, The 
Gray School of Medicine of Wake Forest College, 
Winston-Salem, North Carolina; and Leo M. 
Davidott, M.D., Attending Neurological Surgeon, 
Montefiore Hospital, and Professor and Chairman, 


Bowman 


Department of Surgery, Albert Einstein College of 


Medicine, New York City. Cloth. Price, $25.00, 
Pp. 191, with 277 illustrations. Lea & Febiger, 
Washington Philadelphia 6, 


Square, Pennsyl- 


vania, 1956. 
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ABSTRACTS OF RADIOLOGICAL 


LITERATURE 
Department Editor: T, Leucutia, M.D., Harper Hospital, Detroit 1, Michigan 


INDEX TO ABSTRACTS 


ROENTGEN DIAGNOSIS 


GENITOURINARY SYSTEM 


BacestrA, G., and Detpino, B.: 
the sponge kidney and nephrocalcinosis 


Orroman, R. E., Wooprurr, J. H., Jr., 


S., and Isaac, F.: The roentgen aspects of 


Concerning 


necrotizing renal papillitis 

ScHLUNGBAUM, W., and Bitiion, H.: Investi 
gation concerning the distribution of radio 
active urografin in the human organism 

Minspy, N., Poker, N., and Evans, J. A: 
Ninety per cent hypaque for rapid intrave 
nous roentgenography; preliminary report 

CouveLarre, R., and Avuvert, J.: Phlebog 
raphy of the inferior vena cava in the ex 
ploration of right kidney tumors 


SKELETAL SYSTEM 


PALTRINIERI, G.: Morgagni’s syndrome and its 
relationship to intersexuality 
SincteTon, k.. B., Tuomas, J. 
TON, W. W.. and Hip, 
diaphyseal dysplasia (Engelmann’s Disease) 
Ponsert, I. 


R., WortTHING 


R. Pre yrressive 


\ Leggy Pe rthes disease observ a 
tions on pathological changes In two cases 
Ross, F. G. M.: 
mours—radiological aspects 

KunkeL, M. G., Dautin, D. C., and Youne, 
H. H.: Benign chondroblastoma 

Davies, A. G. M.: Bone changes in Kaposi’s 


Radiosensitive bone tu 


sarcoma; an analysis of 1S cases occurring in 
Bantu Africans 

SecBy, H. M., SHermMan, R. S., and Pack, 
G. T.: A roentgen study of bone metastases 
from melanoma 

OrLANDINI, Bassani, G., and Casacer, A.: 
The formation and evolution ot bone callus 


in the repair of fractures 


Bioop anp Lympu System 


AmunpDsen, A. K., Amunpsen, P., and 
LE R, ( ).: Blood pressure and heart rate during 
angiocardiography, abdominal aortography, 
and arteriography of the lower extremities. 

Cevis, A., Cicero, R., pet Castitio, H., and 


Arce G., E.: Temporary arrest of the con 


trast medium in angiocardiography 
SoLorr, L. A., 


cardiographic diagnosis of left atrial throm 
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thyroid; anew procedure for determining the 
mass of the thyroid gland for the radioiodine 
treatment of hyperthyroidism. 
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praisal of the use of radioactive iodinated 
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ROENTGEN DIAGNOSIS 
GENITOURINARY SYSTEM 


BaestRA, G., and Detprno, B. In tema di rene 
a spugna e di nefrocalcinosi. (Concerning the 
sponge kidney and nephrocalcinosis.) Radto/. 
med., Aug., 1956, 42, 745-764. (From: Isti- 
tuto di Radiologia dell’Universita di Genova 
and Ospedale Civile di Genova-Sampier- 
darena, Genova, Italy.) 


Lenarduzzi (Radiol. med., 1939, 26, 346) gave the 
name of sponge kidney to the roentgenologic appear- 
ance of a cystic dysplasia localized in the pyramids 
of the kidney. The microcavities may or may not 
contain calcifications. 

Nephrocalcinosis is characterized by the presence 
in the renal parenchyma of diffuse, small calcifica 
tions, and the term is applied only to the case in 
which the calcifications are seen roentgenologically. 
The most frequent primary disorders responsible for 
the development of nephrocalcinosis are primary 
hyperparathyroidism, hyperchloremic acidosis and 
chronic pyelonephritis. 

Neither the sponge kidney nor nephrocalcinosis 
presents any characteristic symptoms and their recog- 
nition depends only on the roentgenographic demon 
stration of microcavities in the former and calcifica- 
tions in the latter. 

The sponge kidney may be present only on one 
side, while in nephrocalcinosis both kidneys are af. 
fected. 

The presence of small, scattered calcific deposits in 
one kidney as demonstrated in the scout film of the 
abdomen, and the filling of small parenchymal cavi- 
ties following the intravenous injection of the con 
trast medium are findings more probative for a 
sponge kidney than for nephrocalcinosis. 


Nevertheless one cannot exclude on the basis of 


the pathologic changes, the possibility that the find 
ings described above may be present in nephrocal 
cinosis, where secondary cysts and/or tubular ec 
tasias, with a few scattered calcifications, have been 
described. 

The authors are of the opinion that the term 
sponge kidney should be adopted only in those cases 
which have positive findings on intravenous urogra- 
phy, when the changes are localized in one kidney 
alone. In all other cases the term nephrocalcinosis 
should be used without any consideration of the 
primary cause responsible for the changes.—. 
Govoni, M.D. 


Orroman, RicHarp E., Wooprurr, JoHN H., 
Jr., Witk, Sreran, and Isaac, Frank. The 
roentgen aspects of necrotizing renal papilli 
tis. Radiology, Aug., 1956, 67, 157-167. 


(Address: R. 
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Ottoman, University of 


/ 


California Medical Center, Los Angeles 24, 

Calif.) 

Diabetes mellitus and acute pyelonephritis are the 
two conditions in which acute necrosis of the renal 
papillae occurs most frequently as a complication. 
Less frequently it is observed in obstructive uropathy 
with superimposed infection. The onset of this com- 
plication should be suspected in any patient with 
these conditions whose clinical status suddenly be- 
comes worse and in whom there is a decrease in 
urinary function and a rapid rise in the blood urea 
nitrogen. 

Roentgenographically the findings observed in the 
8 cases reported by the authors are as follows: 

1. Calyceal haziness or unsharpness 

2. Ulcerative or erosive papillary changes 

3. Sinus formation 

(a) Intramedullary 
(b) Intrapapillary (ring shadows) 
4. Parenchymal cavitation with communicating 


sinuses 


Amputated calyces 
6. Extruded papilla with secondary 
(a) Club-like papillary fossa 
(b) Ureteral or calyceal obstruction 
(c) Intrapelvic filling defect 
Narrow infundibula, occasionally showing a 
“moth-eaten” margin 

8. Decreased urinary function as seen on the 

intravenous pyelogram 

g. Enlargement of the renal silhouette 

The diagnosis of this complication is best made 
by retrograde pyelography. Histologic examination 
of bits of sloughed papilla passed in the urine or found 
in the bladder during cystoscopy will also give the 
diagnosis. The differential diagnosis includes pyelo- 
canalicular backflow, renal tuberculosis, acute pyelo- 
nephritis without necrosis, radiolucent urinary cal- 
cull and neoplasms. While necrotizing renal papillitis 
is not a common entity, its early and more frequent 
recognition may permit more prompt institution of 
appropriate therapy with greater prolongation of 


lite. —Donald N. Dysart, M.D. 


ScHLUNGBAUM, W., and Bittion, H. Unter- 
suchungen der Verteilung von radioaktivem 
Urografin im menschlichen Organismus. (In- 
vestigation concerning the distribution of 
radioactive urografin in the human or- 
ganism.) K/in. Wehnschr., June, 1956, 34, 
633-035. (From: Strahleninstitut der Freien 
Universitat Berlin am Stadtischen Kran- 
kenhaus Westend, Berlin, Germany.) 

Kor tracer studies radioiodine was added to uro 
grafin (renografin) in a series of 10 patients of various 
ages. Six received 400 mg. and the remaining 4, a 
dose of 2,400 mg. of urografin intravenously. The 
blood was tested five, fifteen, thirty, forty-five and 


|| 
332 
352 
f 
302 
303 
353 
354 
| 
i 


368 Abstracts of Radiological Literature 


sixty minutes after the injection, and in 4 cases ac- 
tivity measurements of the feces were made after 
twenty-four and forty-eight hours. The activity of 
the individual dose was approximately 20u/c. 

The concentration of urografin in the serum 
showed a biphasic course. In the beginning the half- 
life time was rapid, amounting to six minutes. The 
second phase showed a half-life time of one hundred 
and fifteen minutes. When 2,400 mg. of urografin 
was administered, instead of 400 mg., the serum level 
of urografin did not become increased. 

In the urine 60 per cent was excreted in three 
hours and go per cent in twenty-four hours. In the 
fecal material an excretion of only one to two per 
cent was discovered after forty-eight hours. 

Comparison with radioactive perabrodil M_ re 
vealed the same serum values in the first phase, 
but in the second phase the serum values were pro- 
longed with radioactive urografin. A distinct differ- 
ence was noted in the excretion time. While pera- 
brodil was excreted by the kidneys up to go per cent 
within three hours, the corresponding values for 
urografin were barely 60 per cent. 

It is concluded that for practical clearance deter 
minations urografin is less suitable than perabrodil 
M because of delayed excretion.—Ernest Kraft, M.D. 


FinBpy, NATHANIEL, PoKER, NATHAN, and 
Evans, Joun A. Ninety per cent hypaque 
for rapid intravenous roentgenography; pre- 
liminary report. Radiology, Aug., 1956, 67, 
244-246. (Address: N. Finby, New York 
Hospital, 525 East 68th St., New York 21, 
N. Y.) 


Highly concentrated iodinated contrast media are 
needed for rapid intravenous injection in angiocardi 
ography and nephrotomography. The present study 
documents the use of go per cent hypaque in 50 con 
secutive patients, 22 of whom received 2 injections, 
usually within a fifteen minute interval. Of the pa- 
tients examined, 31 were males and 1g females, the 
youngest being thirteen and the oldest seventy-six 
years of age. The amount of medium used per injec 
tion varied between 30 and $0 cc. 

The rapid injection of concentrated contrast ma 
terial for angiocardiography or nephrotomography is 
frequently associated with symptoms. The authors 
have therefore, contributed important information in 
their report of a comparison of the reactions noted 
following injections of go per cent hypaque with 
those seen following the use of 70 per cent urokon. 

It is noteworthy that a significant decrease in 
pain, vomiting, 


cough, arm weakness, 


urticaria, and thirst was observed in those patients 


nausea, 


who received go per cent hypaque. Vertigo occurred 
in 14 per cent and flush was noted in go per cent of 
the patients. A metallic or acid taste was observed in 
5 instances, and once a transient tightness in the 
chest was noted. Eight of 10 patients receiving a sin 
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gle injection of go per cent hypaque after trangcy. 
taneous insertion of the Robb-Steinberg needle had 
thrombosis at the site of injection. Only one instance 
of significant phlebitis occurred in the entire group 
of 50 patients. This complication responded quickly 
to routine measures. 
Opacification of the cardiovascular and pulmonary 
structures in angiocardiography and of the aorta and 
kidneys in nephrotomography with go per cent hy- 
paque was found to be comparable to that obtained 
with 7o per cent urokon.-4. R. Watson, M.D. 


Couve aire, R., and Avuvert, J. (Paris, 
France.) La phlébographie cave inférieure 
dans |’exploration des tumeurs du rein droit, 
(Phlebography of the inferior vena Cava in 
the exploration of right kidney tumors.) 
F. durol., Jan.—Feb., 1956, 62, 21-40. 


Special examinations of the kidneys like excretory 
urography, retrograde pyelography and aortography 
fail to demonstrate the renal veins. In cases of right 
kidney tumors the authors show that venographic 
studies give valuable information to the surgeon pre- 
operatively. 

The technical approach is described in the follow- 
ing manner: A plastic catheter with a caliber of 3 to 
4 mm. is inserted into the right internal saphenous 
vein below Poupart’s ligament for a distance of 20 
to 25 cm. When the tip reaches the bifurcation of the 
inferior vena cava, the tilt table 1s inclined 20 degrees 
to retard the venous flow. The patient is then rotated 
into the right oblique position so that the vena cava 
can be projected outside of the spinal column and 
possible pressure from a right kidney tumor will be 
lessened. At first, § to 1 per cent lodine 
contrast solution is injected and a trial exposure is 
made. This is followed by a rapid injection of 40 cc. 


cc. OF a 7 


within a period of three to four seconds. The first ex- 
posure is still made during the injection and 1s fol- 
lowed by additional exposures in rapid succession. 
An excretory urogram is obtained ten minutes later. 

The right kidney is closer to the inferior vena cava 
than the left and the right renal vein is shorter than 
the left. Therefore, phlebograms are of real value only 
in tumors of the right kidney. Since renal veins are 
frequently invaded by tumor thrombi regardless 
of the size of the tumor, phlebography is recom- 
mended not only in large tumors, but also when the 
neoplasm is small. 

Normally, the opacified vena cava becomes slightly 
narrowed at the level of the renal veins due to influx 
of nonopaque blood. The renal veins are usually by- 
passed and, therefore, not visualized. The authors, 
however, have blocked the vena cava higher up in 
dogs with a balloon catheter and, thereby, have 
succeeded in filling the renal veins and branches with 
contrast material. 

Abnormal phlebograms show extrinsic compres- 


sion of the vena cava so that the opaque column be- 
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comes narrowed and encroached upon and curves 
toward the left of the midline. There may also be 
backflow into the left common iliac vein which is not 
observed in normal cases. The contour of the vena 
cava remains smooth and regular. When the renal 
vein and its orifice are the site of a thrombus, how- 
ever, a typical indentation with an irregular contour 
can be observed in the opaque column. In cases with 
a floating tumor thrombus a central filling defect is 
sometimes noted in the vena cava. In far advanced 
cases of tumor extension total block of the venous 
flow is experienced. This is associated with marked 
backflow into the iliac veins and with collateral cir- 
culation. Attention is also called to drainage through 
collateral perirenal veins when the renal veins are 
blocked. 

Seven representative cases are reported and illus 
trated with reproductions of 14 roentgenograms. 


Ernest Kraft, M.D. 


SKELETAL SYSTEM 


PaLTRINIERI, G. (Brescia, Italy.) Le syndrome 
de Morgagni et ses rapports avec |’inter- 
sexualité. (Morgagni’s syndrome and its re- 
lationship to intersexuality.) ‘¥. de radio/. et 
délectrol. &§ Arch. délectric. méd., March- 
April, 1956, 37, 145-157 
History and review of this syndrome is presented 

with appropriate quotations from J. B. Morgagni’s 
original publication (1761). The contributions of 
authors such as Morel, Moore, Greig, Pende, Stewart 
and others, to the elucidation of the syndrome and 
its variations are discussed. 

The main anatomic finding is a patchy, and at 
times, dittuse hyperostosis of the inner table of the 
frontal bone. Occasiona!ly localized hyperostosis can 
be noted at the base of the cranium. It occurs pre 
dominantly in women of about forty years of age. 
Neuropsychic disturbances of mild to severe degree 
and obesity are often associated with the syndrome, 
although some cases may be underweight. Certain 
relationships to menopause have led a few authors to 
think of it as a mild degree of Cushing’s syndrome. 

Three developmental phases have been described 
by Razo, i.e., osteoblastic, osteoclastic, and finally a 
certain degree of bony involution of the thickened 
inner table and of the membranous portion of the 
frontal bone. The meningeal involvement and thick 
ening appear to be secondary. In case of such thick 
ening within the anterior part of the base of the cra 
nium, infection should be suspected as the causative 
factor because of the contiguity of the paranasal 
sinuses. 

Out of 1 cases of skull roentgenograms, the 


author found 18 instances showing hyperostosis of 


the inner table of the frontal bone and 6 cases of 
membranous hyperostosis, one of which was fronto 
parietal as to site. Out of these 24 cases, 23 were 
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women. The only male case was a fifty-seven year old 
patient exhibiting a pituitary type of gigantism with 
many feminine traits and physical findings of pseudo- 
hyperostosis of the inner table of the frontal bone. 

The author also describes in detail the clinical, 
laboratory and roentgen findings of a fourteen year 
old girl showing hyperostosis of the inner table of the 
skull. 

Noclinical laboratory or roentgenographic findings 
could link Morgagni’s syndrome with pituitary dys- 
function, according to the author. Thus the obesity 
and virilism and the neuropsychic symptoms in 
Morgagni’s syndrome do not correspond to those due 
to pituitary, suprarenal, ovarian or other endocrine 
disorders. Intersexuality, i.e., virilism and hirsutism 
in the women patients, and feminine traits in the single 
male patient are stressed in pointing out sex linked 
(genotypic) heredity as the etiologic basis of this 
syndrome. Other hyperostotic syndromes can be 
traced to circulatory (inflammatory or allergic me- 
ningeal reaction), endocrine or metabolic disturb- 
ances. Hence, the author feels justified to suggest for 
Morgagni’s syndrome, the more descriptive name of 
“Disease of Morgagni—intersexuality or hyperosto- 
N. Sarian, M.D. 


SINGLETON, Epwarp B., THomas, Joun R,, 
WortHInGTon, W., and 
Joun R. Progressive diaphyseal dysplasia 
(Engelmann’s Disease). Radiology, Aug., 
1956, 67, 233-241. (From: Departments of 
Radiology and Pediatrics, Texas Children’s 
Hospital, Houston, Texas and the Nors- 
worthy Pathology Research Laboratory, Her- 
mann Hospital, Houston, Texas.) 


Engelmann’s disease (progressive diaphyseal dys- 
plasia) is a rare disorder of bone characterized by 
weakness and underdevelopment of the muscles of 
the extremities and sclerosis and fusiform enlarge- 
ment of the diaphyses of the long bones. It was first 
described in 1929 by Engelmann who referred to it 
as ““osteopathia hyperostotica sclerotisans multiplex 
infantilis.”” 

The previously reported cases (16) are reviewed 
and one additional case is added. This patient. a 
white male, aged five and one half years, developed 
a peculiar gait at the age of two years, complained of 
ankle pain and leg cramps and tired easily. Roent- 
genographic studies of the skeleton showed sym- 
metrical fusiform sclerosis involving the diaphysis 
of each tibia, fibula, femur, humerus, ulna and radius. 
The cortex of the affected bones was thickened and 
the medullary cavity was narrowed. Large localized 
areas of rarefaction, possibly around nutrient vessels, 
were present in the mid-portion of each tibia and 
slightly higher than this in each femur. The out 
standing pathologic features of the biopsy tissues 
were muscle atrophy and sclerosis of bone associated 
with thickening of the walls and reduction in size of 
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the lumens of the arterioles of the periosteum, bone 
marrow, and subcutaneous tissue. 

Etiology of this disease is unknown. Hereditary 
factors have been conspicuously absent in most of the 
reported cases. Serologic studies have been con- 
sistently negative, and laboratory studies have pro- 
vided no clue as to the cause.—4. W. Sommer, M.D. 


Ponseti, IGnacio V. Legg-Perthes disease; 
observations on pathological changes in two 
cases. ¥. Bone & Foint Surg., July, 1956, 
38-A, 739-750. (From: Department of Ortho- 
paedic Surgery, State University of Lowa, 
City, Iowa.) 


It appears that the primary lesion in Legg-Perthes 
disease is faulty epiphyseal-plate cartilage and that 
necrosis of the head follows when the blood supply is 
interrupted. This is similar to the lesions noted in 
rats on a special diet high in aminonitriles. Initially 
the ground substance becomes defective with fibril 
lation and rent formation and the cartilage cells react 
by proliferation and cluster. 

It has been found that in children with Legg 
Perthes disease other ossification centers may be de 
ranged, but the peculiar blood supply of the femoral 
head may account for the more serious consequences 
here. 

In the younger age group the epiphyseal line is 
nearly horizontal and the periosteum thick and 
strong; the retinacular vessels must penetrate thick 
cartilage to reach the center of ossification of the head 
and the artery of the ligamentum teres does not reach 
the ossified portion of the head till twelve to fourteen 
years. All these factors apparently tend toward de 
velopment of Legg-Perthes disease when there is a 
faulty epiphyseal plate, while in the older age group 
with a faulty epiphyseal plate, epiphysiolysis is more 
apt to develop, since the epiphyseal plate is more 
nearly vertical, the periosteum thinner and the reti 
nacular vessels reach it after piercing mature joint 
cartilage. 

Biopsies in 2 children with early Legg-Perthes dis 
ease showed a necrotic femoral head and a disrupted 
epiphyseal plate. The epiphyseal plate cartilage was 
fibrillated and cracked, the cells clustered and the 
line of endochondral ossification irregular. Tongues 
of deranged cartilage and cartilaginous islands were 
noted deep in the metaphysis and femoral head. 
There was some fibrillation in areas of the joint 
cartilage adjacent to the subchondral plate. There 
was no osteoid tissue seen in the metaphysis. The 
bone marrow was normal. No inflammatory cells 
were shown. 

The microscopic changes in Legg-Perthes disease 
are similar to those shown in patients with slipping 
of the upper femoral epiphysis and to the epiphyseal 
plate lesions observed in young rats fed diets high in 
aminonitriles. Adult this diet for a few 
months developed joint lesions similar to osteoar 
thritis in humans.—Martha Mottram, M.D. 


rats on 
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Ross, F. G. M. Radiosensitive bone tumours 
radiological aspects. %. Fac. Radiologists, 
April, 1956, 7, 242-252. (From: United Bris- 


tol Hospitals, Bristol, England.) 


This paper is based on a study of the radiosensi- 
tive bone tumors encountered in a group of 567 bone 
tumors coming under study at the Bristol Bone 
Tumour Register. Hewer (1956) has recently re- 
solved all the cases previously classified by the Bone 
Tumour Register as Ewing’s tumor into either reticu- 
losarcoma or secondary neuroblastoma. The paper is 
confined to a description of the roentgenologic ap- 
pearances of reticulosarcoma of bone of which there 
were 14 1n the Register, and a comparison between it 
and secondary neuroblastoma. Malignant synovioma 
is considered briefly as a separate entity. 

Ross groups the cases of reticulosarcoma as: (a) 
single primary focus in bone, 7 cases; (b) multiple 
primary foci in bone, 2 cases; and (c) primary soft 
tissue reticulosarcoma secondarily involving bone, 5 
cases. 

Reticulosarcoma almost always arises in_ the 
medulla, being most common in the long bones. It 
may originate in the epiphysis, but more often it may 
begin in or away from the center of the diaphysis. 
The major direction of growth is along the shaft, and 
the lesion may or may not cross the epiphyseal line. 
Early, the tumor appears within the medulla as a 
group of small localized translucencies, with ill-de- 
fined margins. As the lesion spreads up and down the 
shaft the smaller osteolytic areas become confluent. 
As further growth occurs the cortex is destroyed ina 
patchy manner similar to that seen in the medulla 
and there is rapid loss of the corticomedullary junc 
tion. Layered or amorphous periosteal new bone, or 
fine bony spiculation may be seen after extension of 
the lesion through the cortex. A small periosteal reac 
tive triangle may be seen at the periphery of the 
lesion. Medullary bone production may occur, but 
bone destruction is always present and almost always 
predominant. A soft tissue tumor, usually small and 
ill defined, is occasionally seen. Response to irradia 
tion is rapid and dramatic. Bony re-organization 
occurs, and the final result is an area in which there is 
slightly coarse irregular trabeculation with some gen 
eral increase in density and occasionally small denser 
areas and some cortical thickening (‘‘scar bone’’). 
Only one of the primary cases in the Bone Tumour 
Register later 
metastasis. 


showed evidence of distant bone 


Secondary neuroblastoma involves femur, hu 
merus, pelvis, skull, and tibia in that order. Primary 
intrathoracic neuroblastomas are paravertebral in 
origin. Metastatic rib lesions are usually more later 
ally situated and rib destruction is often extensive. 
In secondary neuroblastoma the lesions are usually 
extensive when first seen and may involve the shaft 
of a long bone from one epiphysis to the other. There 
is multiple bone involvement in up to 70 per cent of 
cases and this, plus the fact that the lesions tend to 
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be bilateral, is helpful in differential diagnosis. Early, 


the sites of predilection are the medial aspects of the 
distal femoral and proximal humeral metaphyses. 
Medullary bone destruction is always present, with 
the same appearance as in reticulosarcoma, except 
that it eventually involves a much greater length of 
shaft. Cortical destruction is common, as also is 
lavered periosteal new bone formation. Spiculated 
new bone formation extending out into the usually 
present soft tissue tumor Is a conspicuous feature. 
Medullary bone production seen in about a third of 
cases is most frequent in the pelvis. The soft tissue 
tumor may be large, has well-defined margins and 
may extend from one or all surfaces of the affected 
bone. The well-known changes in the bones of the 
vault of the skull are seen occasionally, and are the 
same as the bone lesions seen elsewhere, with di- 
astasis of sutures produced by increased intracranial 
pressure. All these bone changes may develop very 
rapidly within a few weeks to a month or more. The 
response to radiation 1S initially gor od, but less rapid 
than with reticulosarcoma. Bone repair may be 
marked, but temporary and the bone rarely returns 
to normal. The soft tissue tumor decreases in size 
and there is re-ossification of the lesion and organiza 
tion of periosteal new bone formation, with abnor- 
mally wide and dense appearance of the bone. 
Eventual further destruction at the original site is 
inevitable. 

Malignant synovioma usually arises in proximity 
toa joint, but may arise in relation to tendon sheaths 
and bursae anywhere in the body. These are extra- 
osseous in origin and rarely invade the bone by 
direct extension from the primary tumor or by dis 
tant metastasis. Pulmonary metastases are more 
common than metastases to bone. Malignant syno- 
viomata are most common in relation to the knee 
joint and next most common in the arm. On roent- 
gen examination a well-defined homogeneous soft 
tissue tumor with either a regular or lobulated out 
line is seen. It varies in size from about 2 to 16 cm. in 
diameter. Irregular areas of calcification may be 
seen within the soft tissue tumor, either before or 
after it has been interfered with by surgery or roent- 
gen therapy. The tumor grows slowly. There is apt 
to be irregular destruction of cortex and underlying 
medulla. Destruction of bone is usually predominant 
but some bone sclerosis may occur. Disuse osteo 
porosis may be seen, especially distal to the tumor, 
if function of the limb is impaired. With roentgen 
therapy, the soft tissue tumor may decrease consid 
erably in size but the author did not find any in 
which the tumor completely disappeared nor in 
W hich the destroy ed bone had regenerated. Samuel 
G. Henderson, M.D. 


KunKEL, Metvin G., Davin C., and 
Younc, H. Herman. Benign chondroblas 
toma. ‘7. Bone & Foint Surg., July, 1956, 
38-A, 817-826. (From: Section of Ortho 
paedic 


Surgery, and Section of Surgical 
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Pathology, Mayo Clinic and Mayo Founda- 
tion, Rochester, Minn.) 


Benign chondroblastoma has been classified as a 
variant of giant-cell tumor and by Codman as 
epiphyseal chondromatous giant-cell tumor. There 
has been a difference of opinion regarding malig- 
nancy in some cases, but Lichtenstein, who desig- 
nated it as a distinct entity, denies that it is ever 
malignant. 

This report concerns 16 benign chondroblastomas 
found at the Mayo Clinic, less than 1 per cent of 
their primary bone tumors. The ages ranged from 
eight to fifty-four, the matority being between four- 
teen and twenty-one years. There were 10 males and 
6 females. Ten of the 16 tumors were in the tubular 
bones and all but one of these was entirely or par- 
tially epiphyseal. The location of the other 6 tumors 
was such that they could have been associated with 
secondary centers of ossification. 

The presenting complaint was pain in the majority 
of instances with instability, limitation of motion, 
muscular wasting, stiffness, weakness, and limping. 
The symptoms averaged two years in duration before 
diagnosis. A mass was palpable in 7 cases. There were 
no pathological fractures. 

Roentgen examination showed a round or oval 
fuzzy mottled, rarefied lesion in the epiphysis or ex- 
tending from it into the adjacent bone. When the 
metaphysis is involved the overlying cortex may be 
expanded or destroyed. Some lesions showed a well- 
defined line of marginal sclerotic bone. Those in the 
flat bones were variable in appearance and 2 sug- 
gested malignancy. The tumors ranged in size from 
1 cm. to one which destroyed most of the scapula. 

Grossly the lesions were dark blue-gray, either 
friable or rubbery. Some showed cystic, necrotic or 
hemorrhagic foci. The predominant cell was the 
chondroblast. Some of these cells showed mitotic 
figures. There was little interstitial substance. There 
were multiple nucleated giant cells. Chondroid ma- 
terial and occasionally hyaline cartilage occurred in 
varying amounts, and in older portions sometimes 
calcified (although this was not noted as a roentgen 
feature and is presumably microscopic). They ap- 
peared closely related to chondromyxoid fibroma of 
bone. One of Kunkel’s patients had a chondroblas- 
toma which recurred nine years later as a chondro- 
myxoid fibroma. 

It is necessary to doa biopsy in order to establish 
the diagnosis. The lesion most resembling it is giant 
cell tumor. The authors’ series had a variety of treat- 
ments including amputation, biopsy alone, curettage, 
resection and roentgen therapy. Codman recom- 
mends roentgen therapy only. 

Since these lesions are benign they should have 
conservative treatment. The recurrence in 1 case and 
persistence in another indicates that thorough re 
moval is necessary. Kunkel recommends that irradia 
tion should not be used because of possible radiation 
induced malignancy, unless anatomically, the lesion 
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cannot be excised or resected.—Martha Mottram, 


M.D. 


Davies, A. G. M. Bone changes in Kaposi’s 
sarcoma; an analysis of 1§ cases occurring in 
Bantu Africans. ¥. Fac. Radiologists, July, 
1956, 38, 32-40. (From: Mulago Hospital, 
Kampala, Uganda, Africa.) 


Idiopathic multiple hemorrhagic sarcoma, orig- 
inally described by Kaposi in 1872, is a disease of un- 
known etiology, characterized by the appearance in 
the skin of multiple nodules and placques. These 
nodules and placques are usually found on the ex- 
tremities, more often on the legs. The nodules vary 
in size from the head of a pin to a cherry or larger. 
While the early lesions are usually superficial, in the 
later stages the nodules may infiltrate deeply and 
produce hard swelling of the hands, feet, arms and 
legs. Histologically, the cardinal changes occur in the 
dermis and consist of new capillary formation, mainly 
made up of blood vessels with a few lymph vessels 
and connective tissue hyperplasia. Satenstein recog- 
nized 3 pathologic processes—inflammatory, gran- 
ulomatous and neoplastic. The picture in the neo- 
plastic type varies according to the elements in- 
volved. It may resemble an angioma or lymphangi 
oma, or a mixture of both, a fibroma, angiofibroma, 
angiosarcoma, or a spindle-cell sarcoma. The disease 
is relatively common among the Eastern Europeans 
but was first reported in a full-blooded Negro in 1931. 
The present paper deals with 15 of 33 patients from 
the records of the Cancer Registry of the Medical 
School of Makerere College occurring from January 
1953 to May 1955, roentgen examination having 
been made in these 15 cases. In all the cases, the 
dominant lesion was the nodule. The diagnosis was 
proved in every case by a nodule biopsy, which 
showed the typical histologic appearance. 

Following are some of the roentgenologic changes: 
Uniform rarefaction was found in bones of the feet 
in 10 cases and in 6 of the 33 lower-limb long bones 
examined. These showed expansion of the medullary 
cavity with thinning of cortex from within. Localized 
areas of intense rarefaction were ill-defined and ir- 
regular in shape, with scanty, partially “rubbed-out”’ 
trabeculae, most commonly found in the spongiosa 
of the bases and heads of the phalanges of the feet. 
Cyst-like areas, varying in size from 2 to 10 mm. in 
diameter, had clear-cut borders and round or oval 
shapes, with no evidence of a cyst wall and no sur 
rounding bone or periosteal reaction. The clear cyst 
like spaces may roentgenologically resemble the 
pseudocysts seen in the extremities 1n sarcoidosis. 
Superficial cortical erosions were present in the 
bones of 10 of the 15 cases examined, being most 
common in the phalanges and metatarsals of the feet. 
The erosion may be ragged, suggesting malignant 
infiltration or it may be well-defined and smooth as 
from pressure erosion. Complete destruction of bone 
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found in 1 case resembled a purely osteolytic bone 
sarcoma. Calcification of about 4 cm. of the first 
plantar metatarsal artery of the left foot was found 
in I 

In differential diagnosis one must consider: mul. 
tiple myeloma and osteolytic metastases (lesions of 
Kaposi, mainly confined to the bones of the extremi. 
ties), gout (rarely seen in Africans and primarily af. 


case. 


fecting the articular surfaces of the joints), multiple 
chondromata (clear zones produced by chondromata 
are surrounded by a line of increased density), sar. 
coidosis (neither cortical erosion nor generalized rare. 
faction is a feature of sarcoidosis), and Madura foot 
(the osteolytic involvement in Madura foot is less 
well-defined, has ragged margins, mainly attacks 
first the bases of the metatarsals, and is usually ac. 
companied by bone production).— Samuel G. Hender- 
son, M.D. 


Secspy, Henry M., SHERMAN, Rosert S., and 
Pack, GeorGce T. A roentgen study of bone 
metastases from melanoma. Radiology, Aug., 
1956, 67, 224-228. (Address: H. M. Selby, 
Memorial Cancer Center, 444 FE. 68th St., 
New York 21, N. Y.) 


This report discusses the roentgenographic mani- 
festations of bone metastases from melanoma and is 
based on a study of 33 patients with histologically 
proven melanoma. Seventeen patients had solitary 
metastases located as follows: ribs, 6: skull, 4; pelvis, 
2; spine, 2; humerus, 1; tibia, 1; and paranasal 
sinuses 1. 

Where multiple metastases were present, up to 12 
bones were involved and in some there were many 
involved areas in one bone. Of the 33 cases, the long 
bones were involved in 6, the flat bones in 27, and 
the spine in g. The location in the long bones was 
equally in the diaphyseal and metaphyseal regions. 

No specific roentgen appearance could be found. 
Most of the lesions were osteoly tic (2g patients) w hile 
a few (4 patients) were osteoblastic to varying de- 
grees. They were usually oval in shape, medullary in 
location, and showed cortical destruction. A soft tis- 
sue Component was noted in 16 patients. 

Pathological fractures occurred in 1¢ patients, 
with the ribs involved in 7. Size of the lesions varied 
from § mm. to 18 cm. in diameter with 


Donald N. Dysart, M.D. 


an average 
of about 3 cm. 


OrvANDINI, I., BAssant, G., and Casacct, A. 
La formazione e l’evoluzione del callo osseo 
di riparazione delle fratture. (The formation 


and evolution of bone callus in the repair of 


fractures.) dunn. radtol. diag., 1956, 29, 254 
301. (From: Istituto di Radiologia Medica 
and Universita di Parma, Istituto di Clinica 
Ortopedica, Parma, Italy.) 


The animals used in this experiment were rabbits. 
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The bones of the forelimb were fractured and the ani- 
mals were sacrificed at intervals of 4, 8, 12, 16, 20, 24, 
21, 38, 45, 60 and go days after the fracture was in- 
ficted. Studies of these bones using microradiogra- 
phy were carried out which permitted accurate anal- 
ysis of the intimate bone structure. The evolution 
and formation of bone callus could be accurately 
recorded and studies. 

The authors remind us that these studies were 
conducted on animals of rather small size and young 
in age. Many of the theories for callus formation are 
discussed. The article contains numerous micro- 
radiographs. Peter E. Russo, M.D. 


BLoop AND LymMpH SystTEM 


AmunpbSEN, A. K., Amunpbsen, P., and 
LER, O. Blood pressure and heart rate during 
angiocardiography, abdominal aortography, 
and arteriography of the lower extremities. 
Acta radiol., June, 1956, £5, 452-458. (From: 
Roentgen Department, Anaesthetic Depart- 
ment, and University Institute for Respira- 
tory Physiology, Ulleval Sykehus, Oslo, Nor- 
way.) 


The authors measured the blood pressure in the 
aorta at frequent intervals during angiocardiogra 
phy, aortography and peripheral arteriography using 
nycotrast (diodone) 70 per cent or 50 per cent. They 
found that in angiocardiography the blood pressure 
and pulse usually remained constant during and 
immediately following the injection. By ten seconds 
there was sometimes a fall in aortic blood pressure 
and by twenty seconds there was always a definite 
decrease in pressure. This continued for thirty and 
forty seconds after the injection with a mean of 3 
and 40 mm. Hg respectively. One minute after injec- 
tion the pressure started to rise again in all cases. 

The heart rate decreased slightly within the first 
ten seconds and there was usually a slight tachy 
cardia afterward, although 3. cases developed a 
marked bradycardia and one developed a sino 
auricular block. 

In aortography a slight increase in blood pressure 
occurred during injection and this was followed by 
a marked fall within ten seconds. This reached a 
maximum mean fall of 3g mm. Hg in forty seconds. 
By sixty seconds the pressure had nearly always 
started to rise, but only 1 out of 6 had reached its 
pre-injection level four minutes after the injection. 
As the pressure fell, the heart rate increased; it de 
creased as the blood pressure was restored. When 
saline was injected the pressure and heart rate reac- 
tions during the injection and for the following ten 
seconds were very similar to those recorded in ordi 
nary aortographies, but by twenty seconds after the 
injection the effect had disappeared almost com 
pletely. 


The reactions to peripheral arteriography were 
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very similar to those in aortography but of less mag- 
nitude. 

It is concluded that the blood pressure drops earlier 
during aortography than during angiocardiography 
due to a peripheral vasodilatation effect of the con- 
trast medium. During aortography the heart rate 
varies as if dependent on the aortic-carotid sinus 
reflex, but during angiocardiography the early slow- 
ing of the heart rate is probably the result of vagal 
stimulation or the action of the contrast medium 
directly on the heart muscle.—Arthur E. Childe, 
M.D. 


Cexis, ALEJANDRO, Cicero, RAUL, pet CastIL- 
Lo, Hermito, and Arce G., ENRIQUE. 
Temporary arrest of the contrast medium in 
angiocardiography. Acta radiol., May, 1956, 
£5, 341-351). (From: Department of Chest 
Diseases, (Pab. 27), Hospital General, Méxi- 
co D. F.) 


Angiocardiographic studies were done on 58 pa- 
tients who had normal cardiovascular systems while 
performing the Valsalva’s maneuver. Temporary ar- 
rest of circulation was achieved with increased roent- 
genographic opacity of the structure studied. 

With the tip of the catheter inserted through the 
external jugular vein, it was found that the caliber 
of the superior vena cava was reduced, and in some 
cases, the azygos and left innominate veins were 
visualized. There was undulation of the margins of 
the superior vena cava and frequently there was 
marked narrowing of its terminal portion. 

At times, the superior vena cava and the right 
atrium may be demonstrated, while at other times, 
only the atrium or the right ventricle visualize. The 
right atrium is reduced in size and has sharply de- 
fined margins. The auricular surface of the tricuspid 
valve becomes a clear cut straight line. 

If the tip of the catheter is inserted into the inferior 
segment of the superior vena cava, the atrium be- 
comes continuous with the terminal portion of the 
inferior vena cava including the superior hepatic 
veins. If the tip of the catheter is placed in the right 
auricle, a separate visualization of the atrium ts ob- 
tained, and its walls are wavy in outline. When the 
tip of the catheter is inserted into the right ventricle, 
isolated visualization of the chamber may be ob- 
tained which will be reduced in size. If the pulmo- 
nary artery simultaneously visualizes, it will do so 
with less contrast 

Pulmonary circulation is altered so that the pul- 
monary artery is larger and the sigmoid valves close. 
Simultaneous representation of the arteries and veins 
in the lungs are not obtained under these circum- 
stances. 

When injection is made into the femoral vein, its 
advance is arrested somewhere in the inferior vena 
cava. The inferior vena cava shows undulation with 
filling of its tributaries.—George 4. Miller, M.D. 
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Louis A., and Zarucuni, Jacos. The 
angiocardiographic diagnosis of left atrial 
thrombosis. Circu/ation, July, 1956, 74, 25 
32. (From: Temple University School of Med- 
cine and Hospital, Philadelphia, Pa.) 

Five cases are described representing the first re- 
port of their visualization by angiocardiography. 
Thrombi in the left atrium had previously been 
diagnosed preoperatively only when they were suf. 
ficiently calcified to be demonstrated on conventional 
roentgenograms. 

In mitral stenosis the left atrium is densely and 
homogeneously opacified by angiocardiography and 
this persists for a longer period than in the normal. 
Therefore, the left atrium is particularly suitable for 
angiocardiographic visualization of thrombi. The 
authors use the posteroanterior and the left lateral 
projections. The left lateral projection is better be- 
cause the extreme posterior wall of the left atrium is 
visualized only in this projection and it is from this 
wall that a mural thrombus almost always arises. 

The diagnosis of a mural thrombus within the left 
atrium by angiocardiography is based upon the find- 
ing of a filling defect and irregular margination of the 
posterior wall. A ball valve thrombus is suggested 
by the finding of a filling defect within the left atrium 
unattached to the atrial wall and smal! compared to 
a myxoma. Left auricular thrombosis is suggested by 
irregular margination of the junction of the auricle 
and the atrium and sparse or no visualization of the 
auricle.—Yohn F. Weigen, M.D. 


Kictey, Metvin M., NorpenstrOm, Byorn, 
STERN, Aaron M., and Stoan, HERBERT. 
Angiocardiographic mixing defects as indi- 
cators of left to right shunts. Acta radtol., 
June, 1956, £5, 425-437. (From Departments 
of Radiology, Pediatrics, and Surgery, Uni 
versity of Michigan, Ann Arbor, Mich.) 


Seventy-five patients with verified left to right 
shunts were used in the study. 

Normally, areas of nonuniformity in concentration 
of contrast material may be seen due to incomplete 
mixing of the material and blood in venous angio 
cardiography. At times, mixing defects may indicate 
an underlying anatomic abnormality due to a con 
genital intracardiac or extracardiac left to right 
shunt. In cases with atrial or ventricular septal de- 
fects, this sign is not frequently seen. Mixing defects 
in the pulmonary artery are commonly observed 
with a patent ductus arteriosus and this sign can be 
considered almost specific. 

A discussion of factors such as roentgenographic 
technique, projections, timing, volume of the shunt 
and right ventricular pressure is also presented. 


George A. Miller, M.D. 


Ropricuez, Hecror F., Garpner, Frank H., 
and Diaz-Bonnet, Splenoportog- 
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raphy: A valuable adjunct in the study of 
portal hypertension. 4m. F. M. Se., July, 
1956, 272, 1-7. (From: Bayamon District 
Hospital, Bayamon, Puerto Rico.) 


Percutaneous splenoportography is a_ relatively 
simple procedure, without serious complications, 
which is advantageous in defining the types and de- 
grees of portal hypertension. Following intrasplenic 
injection of diodrast, a single anteroposterior roent- 
genogram of the abdomen is sufficient for diagnosis, 
This report concerns 28 splenoportographies in a 
variety of conditions. 

In patients without portal hypertension, the 
opaque material promptly leaves the spleen with 
visualization of smooth, normal caliber splenic and 
portal veins and intrahepatic branches. No collateral 
branches are visualized. The opaque material clears 
the spleen in six to twelve hours. In portal hyperten- 
sion the splenic vein is tortuous and both the splenic 
and portal veins are wider than normal. The intra- 
hepatic radicles are incompletely filled and collateral 
veins often are visualized. Esophageal varices may 
be seen by this method even in cases where they are 
not easily demonstrated by the methods usually em 
ployed. 

In extrahepatic obstruction of the portal vein 
there is dilatation of the proximal portion of the 
splenic vein but the distal portion of the splenic vein 
and the portal vein are not visualized. Large collat 
erals are often seen. 

The procedure is useful in the postoperative evalu- 
ation of patency and efficacy of a portocaval shunt. 
Reduction in size of the preoperatively dilated 
splenic vein is indicative of decrease in portal hyper- 


tension.—Michael Healy, M.D. 


ALBALA, Maurice M., Barrick, CLaupe W.,, 
and JENKINSON, Epwarpb L., Vertebral trans- 
skeletal phlebography. Radio/ogy, Aug., 1956, 
67, 229-232. (Address: M. Albala, 700 North 
Michigan Ave., Chicago, III.) 


A simple safe procedure for visualization of the 
thoracolumbar veins by trans-skeletal injection of 
diodrast into the spinous processes of the lower dorsal 
and lumbar vertebrae or lower ribs is described. After 
injection of the skin and periosteum with novocain, 
20 cc. of 7O per cent diodrast is injected rapidly 
through a small marrow needle into the spinous proc- 
ess or rib and a single lateral exposure 1s made 1m 
mediately upon the termination of the injection. 
When a lower thoracic spinous process was injected, 
a variable amount of diodrast was seen in the duro- 
rachidian vein system, as well as in several intercostal 
veins and the azygos vein up to its point of entrance 
into the superior vena cava. With injection of a lum 
bar spinous process, several lumbar intercostal veins 
and an unpredictable number of durorachidian veins 
were filled. When a lower rib was injected, the inter- 
costal and azygos system was strikingly well shown 


— 
| 
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but the durorachidian veins were not filled. The in 
ferior vena Cava could be demonstrated at its origin 
when the fourth and fifth lumbar spinous processes 
were injected. 

The vascular bed of the vertebral column has no 
valves and an unusually rich anastomosis with other 
veins and 1s subject to reversals of the blood flow with 
changes in the intra abdominal and intrathoracic 
pressure. Theoretically, these vascular connections 
provide the explanation for an important mode of 
metastasis of breast and prostatic tumors, cerebral 
emboli following injection of air into the retroperi- 
toneal space or pneumothorax, and the cerebral ex 
tension of bronchogenic tumors. 

Vertebral phlebography provides a new means for 
the demonstration of mediastinal masses causing 
obstruction of the superior vena cava and azygos 
veins and may prove of value in the demonstration 
of retroperitoneal masses that impinge upon the in 
ferior vena cava.—Harold C. Hamilton, M.D. 


Levy, Laurence F. Granuloma of the neck 
following thorotrast angiography. Brit. F. 
Surg., May, 1956, 43, 638-641. (From: De- 
partment of Neurology and Neurosurgery, 
McGill University and the Montreal Neuro- 
logical Institute, Montreal, Quebec.) 


Although no malignant change or other disease can 
directly be traced to the effect of thorotrast, follow 
ing its use there has been reported sarcoma of the 
liver, fibrosis of the liver, aplastic anemia, and gen 
eralized necrosis of the ly mph nodes 

The author reports 2 cases in which thorotrast was 
injected extravascularly during cerebral angiogra 
phy. Follow-up studies showed that the material re 
mained in the region. A mass developed and on re 
moval was found to be a granuloma. These are not 
thought to be premalignant, but may cause difficulty 
because of pressure on adjacent structures. 

Conservative treatment 1s recommended.—Georg 
L. Sack WD. 


Weens, H. StrerpHen, and Marin, Cartos A. 
Infantile arteriosclerosis. Radio/ogy, Aug., 
1956, 07, 168-174. (Address: H. S. Weens, 
Emory University, 69 Butler St., S. E., At 
lanta, Ga.) 


Calcification and sclerosis of the arteries in infants 
and young children may be encountered in a variety 
of clinical conditions. Foremost among these are dis 
orders in which disturbances of the calctum and 
phosphorus metabolism play an important role. Thus 
infantile arteriosclerc SIS has been recognized in renal 
disease, hyperparathyroidism, and vitamin D in 
toxication. Similar arterial changes have been noted 
in progeria, in which the arteriosclerotic process is 
associated with extensive growth disturbances and 
profound metabolic changes. Aside from these con 
ditions, infantile arteriosclerosis has been observed 
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in an increasing number of cases in which, at present, 
no obvious cause is established. 

The pathologic changes noted in infantile arterio- 
sclerosis of unknown etiology consist of fragmenta- 
tion of the internal elastic membrane, intimal and 
medial calcification, and fibroblastic proliferation of 
the intima. Arteries of medium size are predomi 
nantly affected. The similarity of the lesions de- 
scribed here to those occurring in derangements of 
calclum and phosphorus metabolism make an ex- 
planation for the arterial changes on a metabolic 
basis attractive. So far, clinical, pathologic, and labo- 
ratory observations have not afforded substantiation 
of such a concept. Possibly metabolic changes may 
occur which are so subtile that they have not been 
recognized. Recent pathologic and experimental 
studies have stressed the role of the elastic elements 
of the arteries in the development of arteriosclerosis. 
As histologic observations indicate that the incipient 
changes of infantile arteriosclerosis affect the inter- 
nal elastic membrane, it is conceivable that a de- 
ficiency of elastic elements may, in itself or in as- 
sociation with extraneous factors, lead to the arterial 
changes. It is suggested that genetic factors may pre- 
dispose to the development of the condition. 

The authors report 2 cases which illustrate the per- 
tinent clinical roentgenologic, and pathologic fea- 
tures of infantile arteriosclerosis of unknown 
etiology. Emphasis is placed upon roentgenologic ex- 
amination as the most important means of estab- 
lishing a diagnosis during life-—A. R. Watson, M.D. 


Bruun, Sven, and EnGeset, ARNFINN. Lym- 
phadenography; a new method for the 
visualization of enlarged lymph nodes and 
lymphatic vessels. 4cta radiol., May, 1956, 
15, 389-395. (From: Roentgen Department 
and the Medical Department, Rogaland 
Sjukehus, Stavanger, Norway.) 


A new technique is described for the visualization 
of lymphatic vessels and lymph nodes following the 
percutaneous injection of 4~§ cc. of a thin iodized oil 
into enlarged lymph nodes. The term lymphadenog- 
raphy has been coined to describe the method. A 
total of 11 cases of lymphadenopathy were subjected 
to the examination. Visualization of the vessels and 
lymph nodes was best achieved in cases of leukemia 
and lymphosarcoma. Visualization was not as suc- 
cessful in metastatic lymphadenopathy since second- 
ary infiltration apparently interferes with flow 
through the lymph node. 

A possible serious complication of this method is 
the chance of disseminating malignant cells. Slow in- 
jection may circumvent this possibility, but further 
study is indicated. The complication of fat embolism 
by inadvertent injection into the blood vessels has 
not been encountered. 

The authors suggest that this technique may be 
useful in determining the effects of therapy on in- 
volved lymph nodes. From a therapeutic standpoint 
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it may be of value in the introduction of radioactive 
substances into the lymphatic system.— Michael 7. 


Healy, M.D. 


GENERAL 


Lustep, Lee B., and Mitter, R. An 
electronic position timer for the fluoroscope. 
Radiology, Aug., 259-262. (Ad- 
dress: L. B. Lusted, Department of Radi- 
ology, University of California School of 
Medicine, San Francisco 22, Calif.) 


19$6, 07, 


To constantly obtain properly exposed fluoro- 
scopic spot films, the radiologist’s mere estimate of 
required exposure time is generally not reliable. 
Even though greatly improved, phototimers are ex 
pensive complicated devices in which the exposure 
depends upon the average density of the area of 
fluorescent screen scanned. If there is a large amount 
of barium within the scanning area, the background 
is overexposed. 

The authors have devised a simple inexpensive 
spot-film timer, basing the exposure time upon the 
thickness of the abdomen of the individual patient. 
The fluoroscopic table top and the screen mounting 
are used as a caliper to measure patient thickness. 
Krom this relationship, a time scale and indicator 
were built, and attached to the fluoroscopic appara 
tus. This was coupled with a simple electronic timer 
which would automatically adjust the spot-film ex 
posure time to that indicated by the time scale. The 
thickness of pressure cones is compensated for, and 
a relay prevents double exposures. The interested 
reader is referred to the original text for the details 
of construction. A circuit diagram and several photo 
graphs of the equipment are included. 

Several other useful features may be added. The 
basic timer system may be so altered that it will 
serve for spot films made during chest fluoroscopy. 
Predetermined spot-film exposure values for speci 
fic types of examinations can also be incorporated, 
and a selector switch will allow the radiologist to 
choose a variable or predetermined time scale, as the 
need arises. Since this exposure timer depends upon 
individual patient thickness, the background density 
does not vary with the amount of barium in the 
spot-film area, and for this reason is particularly use 
ful for gastrointestinal studies.—Charles L. Steven 


son, M.D. 


Poppet, MAxwe H., and Zerret, BERTRAM 
E. Roentgen manifestations of milk drinker’s 
syndrome. Radiology, Aug. 1956, 67, 195 
199. (Address: M. H. Poppel, Department of 
Radiology, Bellevue Hospital Center, New 
York 16, N. Y.) 

Milk drinker’s syndrome was described by Bur- 


nett, ef al, in 1949. It occurs most often in patients 
being treated for peptic ulcer, with a history of pro 
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longed excessive intake of milk and alkali, with 
renal insufficiency. Conflicting opinions as to the 
pathogenesis have since appeared in the literature, 
and are reviewed here. It is the authors’ opinion that 
during prolonged excessive milk consumption, the 
blood becomes saturated with calcium and_ phos. 
phorus, leading to their precipitation in the renal 
tubules and parenchyma. With alkalosis present, 
more acid is excreted, resulting in greater precipita- 
tion of calcium salts in the kidney. When renal in- 
sufficiency occurs, calclum excretion becomes fixed, 
and the serum levels of both cations remain ele- 
vated, resulting in metastatic calcinosis, and more 
nephrocalcinosis with perpetuation of the cycle. A 
milk-free diet will return the serum calcium and 
phosphorus to normal levels, with subsequent rever- 
sal of the metastatic calcinosis, but not the renal in- 
sufficiency. It 1s suggested that periodic checks on 
the serum calctum, NPN, and CO.-combining power 
be made in all patients medically managed for peptic 
ulcer. If abnormal findings develop, milk and ab 
sorbable alkali should be eliminated from the treat- 
ment regimen. 

The roentgenographic demonstration of metastatic 
calcinosis in a patient with a history of prolonged ex- 
cessive milk consumption should suggest the possi- 
bility of milk drinker’s syndrome. These amorphous 
calcific deposits in the subcutaneous tissues, often 
near joints, may vary in size from small nodules to 
large masses. In addition, widespread calcifications 
in blood vessels, falx cerebri, kidneys, and lungs 
may be seen. The osseous changes seen in hyper- 
parathyroidism are not present, and the calcium 
deposition occurs in normal tissues rather than in 
the dystrophic tissues of patients with scleroderma. 

Charles L. Stevenson, M.D. 


RADIATION THERAPY 


Freip, R., GotpBerG, Henry, TENZEL, 
WILLIAM, OKRAINETZ, CLARA L., and ARAL, 
M. Isamerrin. Cobalt 6 
Three years experience at Montefiore Hos- 
pital (New York). Radiology, Aug., 1956, 67, 
200-209. (Address: J. R. Freid, togg Park 

Ave., New York 28, N. Y.) 


beam therapy: 


The authors present a discussion of their three 
years. experience in the use of cobalt 60 beam ther 
apy. Aside from the actual results of treatment, a 
number of practical advantages in the use of this 
type of therapy are considered. 

Radiation in the supervoltage range ofters dis- 
to 40 kv. 
radiation for the treatment of cancer. While the cost 


tinct advantages over conventional 20 


and maintenance of supervoltage roentgen equip- 
ment is prohibitive for small cancer centers, the 
cobalt 60 beam therapy unit such as is in use at the 
Montefiore Hospital is a simple, relatively inexpen- 
sive, and reliable apparatus for the production of 
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gamma rays equal in penetration to roentgen rays 
produced by a 3 mev. machine. 

The advantages of supervoltage over conventional 
radiation are purely physical. Because of increased 
penetration, the depth dose Is greater. Because the 
tendency to side-scatter is less with cobalt, the vol- 
ume of normal tissue irradiated is smaller, resulting 
in less constitutional disturbance. Skin damage ts 
considerably reduced, and absorption in bone is 
greatly decreased. Cobalt 60 can therefore be used 
to treat tumor underlying normal bone with less 
danger of bone necrosis. 

The method by which cobalt 60 beam therapy is 
applied is most importan t. The services of a radiation 
physicist are essential, since accurate dosage plan- 
ning and beam direction are integral parts of treat- 
ment. For the radiation to be most effective, with the 
least damage to healthy tissue, the rays must be so 
directed that they strike the tumor from several 
ports of entry. 

The majority of patients which were treated with 
cobalt beam therapy during the time under con 
sideration had advanced malignant disease. Except 
for isolated instances, pathologic proof of cancer was 
obtained before treatment had begun. Although the 
material was poor, in so far as it consisted princi- 
pally of advanced cancer, results were encouraging 
in cancer ot the lung, the head and neck, and the 
cervix and body of the uterus. Patients treated for 
control of symptoms from metastases responded 
well. The response of tumors of the brain and gastro- 
intestinal tract were generally poor, although symp- 
tomatic improvement was marked in some cases of 
inoperable or recurrent carcinoma of the rectum and 
rectosigmoid regions. Three patients, considered un 
favorable for surgery, received treatment for cancer 
of the breast. While the results following treatment 
were somewhat encouraging, tumor cells were found 
in the breast three to four months after therapy in 
2 of the patients, and the third died nine months 
postirradiation. It is hoped that further study of this 
problem will yield more satisfactory results.—. 


Ralph Watson, M.D. 


C. and Ericu M. Ex- 
perimental evaluation of the physical char- 
acteristics of a 45 MEV medical linear elec- 
tron accelerator. Radiology, Aug., 1956, 67, 
263-272. (Address: C. L. Hsieh, Tumor 
Clinic, Michael Reese Hospital, Chicago 16, 


Ill.) 


This paper is a highly technical one and does not 
lend itself to condensation because of the abundance 
of factual information. The authors’ own summary 
best describes the subject as they covered it and is 
as follows: 

The essential characteristics of high energy ex 
ternal electron beams produced by a traveling-wave 
linear accelerator were studied experimentally. The 
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principles of design and the performance of the mag- 
net system used for the control of the energy, direc- 
tion and dimensions of the electron beam are out- 
lined. 

Depth-dose curves from electron beams of various 
energies were obtained, and the effect was studied. 
Stray radiations associated with the operation of the 
accelerator were measured for evaluation of safety 
during therapeutic applications.—Donald N. Dysart, 


M.D. 


Norrer, Gustar. Die Behandlung maligner 
Testistumoren am Radiumhemmet, Stock- 
holm; Bericht tiber 247 Patienten. (The 
treatment of malignant testicular tumors at 
the Radiumhemmet in Stockholm; report on 
247 patients.) Acta radiol., June, 1956, 45, 
483-502. (From: Radiumhemmet and Kar- 
olinska Sjukhuset, Stockholm, Sweden.) 


At the Radiumhemmet in Stockholm, 250 testicu- 
lar tumors in 247 patients were treated with radia- 
tion in the years 1921 to 1954. Thirty-three of them 
were first seen between 1951 and 1954 and are 
therefore excluded from the general statistics. In 
patients with seminoma, the average age, 40.8 
(21-80) years, was slightly higher than that of all 
other forms, calculated at 34.0 (0.5-77) years. 

Ninety-seven per cent of the patients had simple 
orciectomy (the other 3 per cent were inoperable or 
had more extensive surgery) followed by radiation 
(given also to the other 3 per cent), using 180 kv., 
20 ma, target-skin distance 30-60 cm., 0.5 Cu+1.o 
Al (or Thoraeus 0.4 Sn+o0.25 Cu+t.o Al) filter, 
half-value layer 0.8-1.8 Cu, 50 r/min., and port size 
3-400 cm*. One alternate field was irradiated daily 
with 300-400 r/skin to a total of 2,400 r/skin per 
port. In the first years, 2 to 3 series were given within 
the first 6-7 months. Since tumor doses of 1,500 r 
are held to suffice for the eradication of seminoma 
tissue (radiosensitivity being grossly correspondent 
to the degree of differentiation) one may sometimes 
succeed to control even cases with extensive meta- 
stases. Some of the patients with generalized disease 
received total body radiation up to 1S0 r in eight 
days. 

Among the 214 patients, treated between 1921 
and 1950, there were 107 (50 per cent) with semi- 
noma, 39 (18.2 per cent) with embryonal carcinoma, 
8 (3.8 per cent with mature teratoma, §9 (27.6 per 
cent) with teratocarcinoma, none with chorionepi- 
thelioma, and one (0.4 per cent) with a nongerminal 
tumor, a mesonephric carcinoma. The five-year sur- 
vival data for these 214 cases (observed for § to 24 
years) include 108 (50.5 per cent) symptom free 
patients, 4 with metastases, and 102 (47.7 per cent) 
deaths. The five-year “cures” in seminoma were 75 
(70.1 per cent), of whom 5 (18.5 per cent) had, and 
70 (87.5 per cent) did not have, clinical evidence of 
metastasis when treatment was started. For other 
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forms, the five-year “cures” amounted to § (12.8 
per cent) in embryonal carcinoma, 4 (s0 per cent) 
in mature teratoma, and 24 (42.8 per cent) in terato 
carcinoma. 

Some discussion is devoted to the possible etiologic 
relationship between testicular tumors and trauma, 


cryptorchidism, and hormonal imbalance (12.8 per 


cent of the 247 patients had a history of undescended 
testicles). The prognostic value of the sedimentation 
rate is stressed, stating that a high rate indicates an 
unfavorable outcome. When the sedimentation rate 
is low, or becomes low during treatment, the prog- 
nostic outlook is much better; other favorable signs 
are absence of metastases at the beginning of treat- 
ment, absence of perforation of the capsule by tumor 
tissue (histological), average excretion of chorionic 
gonadotropin, good general condition, and unaltered 
hemopoiesis.—F-. N. Grigg, M.D. 


Murpnuy, Wacter T., and Scumirz, ALFRED. 
The results of re-irradiation in cancer of the 
cervix. Radiology, Sept., 1956, 67, 378-385. 
(Address: T. Murphy, Roswell Park 
Memorial Institute, Buffalo 3, N. Y.) 


It is commonly considered that if an initial inten- 
sive radiation treatment of carcinoma of the cervix 
fails, further irradiation is contraindicated. This 
premise is often borne out by disastrous results fol 
lowing injudicious repetition of treatment courses. 
The authors state, however, that sometimes it is 
quite rational and feasible to apply a radiation source 
to a cancer site even though classically intensive 
irradiation has already been administered. This is 
said to be particularly justified in those cases where 
an alternative surgical attack for curative purposes 
would entail not only an appreciable mortality risk 
but also a high degree of permanent disability. With 
these thoughts in mind, a study of cases retreated by 
radiation methods at the Roswell Park Memorial 
Institute is presented. 

In this study, 46 patients with cancer of the cervix, 
recurrent or persistent after an intensive radiation 
regime, were re-irradiated. Of these, 9 were alive and 
without cancer more than six years following retreat 
ment. Positive biopsies of the retreated disease were 
obtained in 7 of the g surviving patients and in 25 
of the 37 patients who died. Retreatment was either 
by roentgen therapy or radium alone, or by the two 
combined. 

In 9 salvaged cases and in 23 of the 37 fatal cases, 
disease was limited to one or more of the following 
areas: cervix, vagina, bladder, rectum, or para 
metrium (not of the massive or frozen pelvis type). 
For the 32 patients without massive fixed pelvic or 
extrapelvic disease, the eventual five-year salvage 
was 28.1 per cent. For the 24 patients in this group 
with positive histologic confirmation of recurrence, 
the eventual salvage was 29.2 per cent. 

In the fatal cases, the average survival time after 
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retreatment was thirteen months, the longest Period 
being forty-one months. The average period of 
survival after the initial course of irradiation wags 
thirty months. 

In the 9 surviving patients complications were as 
follows: Proctitis, 1; cystitis, 1; proctitis and cystitis 
1; rectovaginal fistula, 2. All patients were active 
and relatively comfortable at the time of the report. 

After evaluation of the results of the treatment of 
these patients the authors reached the conclusion 
that re-irradiation of a patient with cancer of the 
cervix which recurs after an initial intensive radiation 
regime is an indicated and hopeful procedure, es. 
pecially when pelvic involvement is limited and the 
patient is otherwise in good physical condition. The 
end-results, both as to longevity and function, ap. 
pear to compare favorably with those afforded by 
present surgical practice. The authors believe that 
complications, which are calculated risks, may be 
minimized by the alert application of medical and 
nursing care.—A. Ralph Watson, M.D. 

FLeTcHER, Gitperr H., and Catperon, 

RoBERTO. Positioning of pelvic portals for 
of the 
uterine cervix. Radiology, Sept., 1956, 67, 
359-370. (Address: G. H. Fletcher, M. D, 


Anderson Hospital, Houston 25, Texas.) 


external irradiation carcinoma 


Studies were conducted to determine the anatomic 
accuracy of pelvic portals for external irradiation in 
carcinoma of the uterine cavity. Tables were compiled 
for various techniques: (1) opposing split pelvic por- 
tals, (2) anterior split portals and two posterior 
oblique portals and (3) parametrial portals (anterior, 
sacral and gluteal) with or without weighted loading. 

In planning external beam therapy, the anatomic 
structures which must be considered can be divided 
into two groups. The first group includes the vagina, 
the cervix, the paracervical tissues, the body of the 
uterus, and the medial portions of the broadand utero- 
sacral ligaments. These structures show considerable 
variation in their relationship to bony structures. 
In the planning of external beams to cover these 
tissues a method of projecting them on the anterior 
and posterior surfaces of the pelvy 1S 18 required. This 
was accomplished by the use of a double arm caliper, 
constructed with one removable graduated arm. This 
arm was placed in the vagina with the tip against 
the cervix, and was left in position while films were 
exposed with the therapy machine under strict 
treatment conditions. The roentgenograms obtained 
in this manner furnished a record of the structures 
included in the beam. 

The second group of anatomic structures which 
must be considered includes the lateral portions of 
the broad and uterosacral ligaments, and the pelvic 
wall lymph nodes. This group of structures has a 
fixed and fairly consistent relationship to the bony 
pelvis. Films taken with the therapy machine under 
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treatment conditions permit identification of bony 
structures which serve as landmarks to determine 
the adequacy of the fields. 

Anterior portals used by the authors were 12 to 
14m. high and 15 cm. wide with a central lead strip. 
The sacral fields, 14 X§ cm. in size, divided in the 
center by a lead strip, contribute chiefly to the hypo- 
gastric and the common iliac lymph nodes. The 
lower margin of these portals was usually 2.5 cm. 
above the sacro-coccygeal joint, with a tilt of 20° 
toward the feet. Gluteal portals were arranged so 
that ischial tuberosity, the sciatic notch and the pos 
terio aspect of the pelvic brim were outlined on the 
film. Separate gluteal portals were always used in 
this study. 

The authors consider anatomic planning essential 
for adequate and economic treatment of the tumor 
bearing areas. The cervix must be localized carefully. 
Films taken in the treatment positions are an impor 
tant part of acarefully planned radiation technique. 


A. Somme? M.D. 


LoEFrFLER, R. KenNetrH. A simplified method 
of estimating integral dose in_ radiothera- 
peutic practice. Radtology, Sept., 1956, 67, 
371-377. (Address: Temple University Hos- 
pital, Philadelphia 48, Pa.) 

A technique for estimating integral dose which is 
sufficiently simple that it may be used as a routine 
for every treatment plan is presented. It is hoped 
that better correlation of dose and cftect may thus 
be attained. Depth dose data were collected for 
radiation of half-value layer of 0.5, 3.0, and 14. 
Cu. For the less penetrating radiation the measure- 
ments were taken in a Pressdwood phantom 30 


mm. 


cm. 
square, using a Westinghouse 250 kvep. machine at 
a target-surface distance of 4 meters, and corrected 
to infinite distance by inverse-square factors. The 
data for the higher quality radiation were obtained 
with a 2 mev. Van de Graaff generator using a 46 
cm. square phantom and a target-to-surface distance 
of 10 meters. No inverse square corrections were 
made in these data. 

Using these depth dose data, curves of integral 
dose with thickness of part were constructed for 
each quality of radiation, and a curve for 22 mev. 
radiation was drawn from data published by Laugh 
lin. In essence, the construction of these curves con 
sists of adding the average doses within each centi 
meter layer down to each depth. For example, for 
100 r in air of radiation of half-value layer of 3.0 
mm. Cu, the first centimeter averages 139 r, the 
next 145, and the third 144. Then to 3 cm. depth, 
there will be 
meter per 100 r in air, 
gen. This factor is obtained for each depth, and a 
curve is drawn from these values. In practice a 
mechanical integrator is used with the plotted depth 


28 gram-roentgens per square 
or a factor of 3.28 per roent 


dose curve for greater precision. 
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By multiplying the air dose delivered to a field 
by the area of that field, and by the thickness factor 
obtained from the appropriate curve of integral dose 
with thickness of part, an integral dose may be 
computed which will be reasonably correct if the 
absorbing material is of unit density. For hetero- 
geneous media, the errors will be similar to those 
resulting from the use of standard isodose curves 


Harold C. Hamilton, 


under the same circumstances. 


M.D. 
RADIOISOTOPES 


Franco, Vicror Huco, and Quina, Mario 
GENTIL. Pneumo-thyroid; a new procedure 
for determining the mass of the thyroid 
gland for the radioiodine treatment of hyper- 
thyroidism. Brit. F. Radiol., Aug., 1956, 29, 
434-439. (From: Laboratério de Isétopos, 
Instituto Portugues de Oncologia, Lisbon, 
Portugal.) 


Radioactive isotope I'S! is an effective therapeutic 
agent in the treatment of hyperthyroidism but there 
are difficulties in calculating the correct individual 
dosage. The best results can only be obtained if the 
dosimetry is exact and if account is taken of the exist- 
ence of several factors of a biologic nature. 

The authors present a new technique by which the 
volume and consequently the mass of the thyroid 
gland can be determined. With the patient lying on 
the left side, to reduce the danger of gas embolism, 
oxygen is injected in the median line of the infra- 
hyoid region, 1 cm. above the upper margin of the 
sternum. A o.7 mm. needle is introduced and it is es- 
sential that its point traverses the deep fascia. If un- 
certain of the passage of the needle through the deep 
fascia, the patient is made to swallow, and if the 
needle does not follow the movement of the larynx 
it is inserted more deeply until it does so. One hun- 
dred and fifty cc. of oxygen is injected with a pres- 
sure from 2 to § cm. of mercury. Immediately after 
this anteroposterior and lateral roentgenograms and 
an anteroposterior laminagram are obtained. 

The method has proven to be safe but it has not 
been employed in patients with evident signs of 
cardiac insufficiency. Using the formula of the vol- 
ume of scalene ellipsoid an error of over 10 per cent 
has not been observed in any case which was subse- 
quently operated upon. Visualization of the gland 
has sometimes proven difficult in recurrent post- 
operative hyperthyroidism owing to the scar. In 
these cases it may be necessary to perform two in- 
jections, one under the scar and one higher up. The 
results of therapy confirm the importance of the cor- 
rect assessment of the thyroid gland mass to more 
accurate dosimetry.—Arthur E. Childe, M.D. 
Samuet H., KiiceERMAN, Morton 

M., Quimsy, Epirn H., and Ferric, 

W. Statistical appraisal of the use of radio- 


RON, 
for 
the 
67, 
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active iodinated human serum albumin for 

the detection of liver metastases. Radiology, 

Aug., 1956, 67, 210-217. (Address: S. H. 

Madell, 622 West 168th St., New York 32, 

3.) 

The authors explored the possibility of determin- 
ing the presence or absence of liver metastases by 
scintillation counter measurements of the differential 
concentrations of I'*! HSA using statistical methods. 
The technique described by Stirrett, Yuhl, and Libby 
was followed closely. 

Each patient received an intravenous injection of 
300 microcuries of I'*! HSA. Twenty-four and forty- 
eight hours after the injection the counting procedure 
was performed. Each patient received 10 drops of 
Lugol’s solution three days before the study to mini- 
mize the uptake of radioactive material by the 
thyroid. The distribution of the I'*' HSA was ob- 
served in 52 patients with and without suspected 
malignant disease. Eight were excluded from the 
series, leaving 44 surgically verified cases for analysis. 

Forty-two points, spaced § cm. apart, were marked 
on the torso of each patient through a perforated 
guide. The count over each of the 42 points was re- 
corded in terms of counts per minute above the back- 
ground count. The values at individual points were 
then expressed as percentages of the mean value, 
which served as a reference. An in vitro experiment 
showed that the measuring procedure was adequate 
to detect localized concentrations of radioactive ma- 
terial, if such concentration was as much as three 
times the normal for the point. 

Results are tabulated and their significance from 
a statistical standpoint is discussed. It 1s concluded 
that, even when the strictest criteria are imposed 
for the definition of an abnormal point, it is still not 
possible to separate the group with liver metastases 
from the group without liver metastases when intra- 
abdominal cancer is present.—4. W. Sommer, M.D. 


S. M., Stecet, Epwarp, YALow, A. 
Aaron, and MELaMED, S. Acute myeloid leu- 
kemia following prolonged iodine-131 therapy 
for metastatic thyroid carcinoma. Science, 
May 4, 1956, 723, 800-801. (From: Medical 
Physics Laboratory, Medical Division, Mon- 
tefiore Hospital, New York, N. Y.) 

Two instances of acute leukemia developed in a 
series of 16 patients with metastatic thyroid carci- 
noma who were treated intensively with 
iodine. 


radio- 


The first patient, a sixty-two year old man, re 
ceived 13 therapeutic doses of I'*! totalling 1,455 mc 
over a four year period. The authors estimate that 
he received a cumulative blood radiation dose of 
about 600 rad. He died in the fourth year of therapy 
with a clinical picture of acute myeloid leukemia. 
Postmortem examination revealed anaplastic carci- 
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noma of the thyroid metastasizing to cervical lymph 
nodes, skull, spine and lungs, in addition to myeloid 
leukemia involving bone marrow, spleen, liver and 
lymph nodes. The second patient was a sixty-six 
year old woman who died of acute leukemia one 
year after receiving 1,730 me of I" over a five year 
period. The estimated dose to the blood was $50 rad. 
The autopsy findings included acute myeloid ley- 
kemia with infiltrates in bone marrow, spleen, liver, 
lungs, kidneys, and pancreas and metastatic thy- 
roid adenocarcinoma in the skull. 

A causal relationship between radioiodine therapy 
and leukemia is not definitely established but a cor- 
relation is suggested. In addition, the experimental 
production of leukemia in animals by radiation, a 
higher incidence of leukemia among radiologists as 
compared to other physicians, and the high incidence 
of myeloid leukemia in the Hiroshima and Nagasaki 
survivors are all consistent with the existence of a 
relationship between the radiation received during 
massive radioiodine therapy and the subsequent de- 
velopment of leukemia. 

The body radiation dose received during I"! ther- 
apy for hyperthyroidism is, at most, a few per cent of 
that received by those treated for thyroid carcinoma 
and is considerably smaller than the apparent mini- 
mum leukemogenic dose. It is therefore unlikely that 
the incidence of leukemia in patients treated for 
hyperthyroidism with radioiodine will be. signifi- 
cantly higher than the occurrence of leukemia in 
the general population.—Yohn F. Weigen, M.D. 


McConanwey, Wittiam M., Owen, CHARLES 
A., Jr., and Keatinc, F. Raymonp, Jr. A 
clinical appraisal of radioiodine tests of 
thyroid function. ¥. Clin. Endocrinol. & 
Metabol., June, 1956, 76, 724-734. (Krom: 
Section of Medicine and Section of Clinical 
Pathology, Mayo Clinic, and Mayo Founda- 
tion, Rochester, Minn.) 


The relative merits of 7 tests for the evaluation of 
thyroid status were studied in 389 patients. Of these 
patients, 181 were euthyroid controls, 38 were initial- 
ly suspected of being hyperthyroid, but were found 
to be uthyroid, g2 had exophthalmic goiter, 46 had 
adenomatous goiter without hyperthyroidism, 19 
had adenomatous goiter with hyperthyroidism, and 
13 patients had myxedema. The diagnosis in each 
patient was independent of I'*' tests and was based 
on clinical evaluation and tests such as BMR and 
serum PBI. Comparisons were made of the percent- 
ages of the 6 hour thyroid uptake, 24 hour thyroid 
uptake, and 24 hour urinary excretion, the per cent 
per hour accumulation rate, per cent per hour extra- 
renal disposal rate, 24 hour conversion ratio, and 
ml./min. thyroid iodide clearance. BMR and PBI 
determinations were performed in these patients as 
well. 

The 6 hour thyroid uptake and the thyroid iodide 
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clearance rate were the most precise tests for separat- 
ing hyperthyroid and euthyroid patients. Of the two, 
the 6 hour uptake was superior for large scale use 
because of its relative technical simplicity. Urinary 
excretion, accumulation rate, and extrarenal dis- 
posal rate tests are complex and, because they re- 
quire precise patient cooperation, are sometimes 
inaccurate. The conversion ratio is accurate, but 
requires a larger tracer dose than is warranted for 
routine use. 

The 6 hour thyroid uptake is as accurate as the 
24 hour uptake and in some instances may be more 
accurate, in addition to being simpler and quicker 
than the 24 hour uptake. 

Only the 6 hour and 24 hour thyroid uptakes were 


valuable in the diagnosis of myxedema and none of 


the tests were conclusive in determining whether or 
not a patient with a nodular goiter had hyperthyroid- 
ism. George Roberts, M.D. 


Jaimet, C. H., and THope, H. G. Further 
clinical studies of thyroid and salivary gland 
function with radioiodine. Canad. M.A.7., 
June, 1956, 74, 865-870. (Krom: Department 
of Medical Research, Hamilton College, 
McMaster University, Hamilton, Ontario.) 


Previous reports by the authors indicated a close 
correlation between thyroid function and the secre- 
tion of iodine by the salivary glands. In the present 
study, tests were performed on 350 patients in which 
24 hour saliva activity was compared with the 24 
hour thyroid uptake, conversion ratio, plasma I! 
activity, and PBI". Two hundred twenty of these 
70 were hyperthyroid, 
40 were hypothyroid, and 20 had had prior I"! 


patients were normal controls, 


therapy; the diagnosis was based on clinical evalua- 
tion, thyroid uptake, and conversion ratio. 

The saliva-PBI"™ ratio was judged to be almost 
100 per cent accurate and was of particular value in 
the diagnosis of hypothyroidism; this was confirmed 
in each hypothyroid patient by use of the TSH test. 
The values for the saliva-PBI"™! activity ratio are: 
hyperthyroid—o.14 to 44; euthyroid—150 to 25 
hypothyroid—400 to 1,g00 or over with the border 


line ranges from 50 to 150 and 250 to 400 for mildly 
hyperthyroid and hypothyroid patients respectively, 
as well as euthyroids. 

The saliva PBI! : ratio has good correlation with 
the thyroid uptake and conversion ratio and appears 
to follow more closely the clinical symptoms of 
patients being treated with I! propyl thiouracil, 
or other therapy. 

A discussion of the role of the salivary glands in 
iodine metabolism is presented.—George Roberts, 


M.D. 


WETHERLEY-Mein, G., Hurr, M. S. R,, 
Lanomeap, W. A., and Hitt, M. J. Radio- 


active iron studies in routine haematological 
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practice. Brit. M. F., June 23, 1956, 7, 1445- 
1449. (Krom: Louis Jenner Laboratory and 
Department of Physics, St. Thomas’s Hos- 
pital and Medical School, London, England.) 

This paper reports the use in hematologic labora- 
tory tests of Fe®’, obtained from Oak Ridge through 
the Harwell (England) Isotope Division. The radio- 
active material has been injected either combined 
with beta-globulin in a buftered solution, or added 
to 0.1 per cent sodium citrate in isotonic saline; in 
both cases 13 ml. of solution containing 13 wc were 
prepared, and 10 ml. of it injected, the remainder 
being retained for counting and calculation of the 
total injected dose. 

Plasma clearance can be determined in the well 
counter from samples of venous blood, taken at 15, 
25, 40, and 60 minutes after the injection. Surface 
counting is done with a directional scintillation 
counter which reveals changes in activity over the 
precordial region, spleen, liver, and sacrum (marrow 
activity); these measurements are continued for ten 
days after the injection, and the results are plotted 
on linear ordinates against time on a log abscissa. 
Red-cell utilization of injected iron can be calculated 
from: (a) the red blood cell volume, estimated from 
the patient’s weight and hematocrit; (b) the total 
injected dose in counts/sec.; and (c) the activity in 
counts /sec./ml. of red cells, by using the formula 
(ac X 100) /b. 

In the “normal” subject, the injected iron is 
cleared from the plasma exponentially, with a half- 
clearance of 70-120 minutes. The surface counts over 
the heart fall rapidly in the first 2—3 hours, while the 
counts over the sacrum begin to rise, and reach a 
peak at 20-30 hours. Red cells containing active 
hemoglobin appear in the peripheral blood after 
about 10 hours, and increase in number up to ten 
days. The liver shows a slight initial rise, followed by 
a gradual fall, while the spleen follows the changes 
over the heart. Seventy to eighty per cent of the 
injected dose eventually appears in red cells, its 
maximum level being reached in 7—14 days. 

Seventy patients have been investigated. The 
results revealed 3 distinctive patterns: (1) no signif- 
icant changes were found in leukemia, uremia, and 
malignant lymphoma; (2) rapid plasma clearance, 
and high utilization of Fe®* for hemoglobin synthesis, 
without notable alterations of the marrow pattern, 
were seen in iron deficiency anemia, posthemorrhagic 
anemia, polycythemia, and some “refractory” 
anemias; and (3) slow plasma clearance, and low 
percentage utilization, with flat marrow curve and 
gradually rising liver uptake (suggesting depressed 
erythropoiesis), were commonly observed in aplastic 
anemia, but sometimes also in “refractory” anemia, 
in leukemias with low hemoglobin, and in myelo- 
fibrosis. 

Kive cases are reported to illustrate the details of 
the procedure. The authors believe that the radia- 
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tion hazard to the patient is negligible, and the risk 
to the staff even less, provided simple precautions 
are observed. The techniques are not difficult, and 
well within the scope of a routine laboratory of a 
hematology department. Although the procedure is 
not deemed to be indispensable to diagnosis and 
treatment of the majority of patients with blood 
disorders, it can demonstrate objectively erythro 


poietic abnormalities, and is of help in the stu y of 


the dynamics of erythropoiesis in any given Case. 
Radioiron tracer studies are therefore considered as 
having a definite place in the routine investigation 
of hematologic conditions.—E. R. N. Grigg, M.D. 
KEerEIAKES, J. G., and Kress, A. T. X-radi- 
ography with beta-emitting isotopes. Radi- 
ology, Sept., 1956, 67, 419 421. (Address: 

J. G. Kereiakes, Radiobiology Department, 

Army Medical Research Laboratory, Fort 

Knox, Ky.) 

The authors discuss the use of beta-emitting iso- 
topes in obtaining radiographs. The material used 
in this experimental study consisted of a 300 mc 
source of S%-Y%, This source in its normal form 
emits x-rays resluting primarily from éremsstrahlung 
and characteristic x-radation produced in the source 
and absorber material. It is this x-radiation which 
was used for these radiographic studies. 

Radiographs of a rat body and of a hand show 
rather good definition and contrast in spite of the 
large ‘“‘focal spot” of the source (§ mm. in diameter) 
and the relatively short source-specimen distance 
(about 5 inches). 

It is thought that better radiographs can be ob 
tained by the use of smaller active diameter sources 
and with other beta-emitting isotopes and /or target 
materials emitting radiations properly fitted to the 
requirements of the body parts to be radiographed. 


Donald N. Dysart, M.D. 


MISCELLANEOUS 


Miter, C. E., and Marinetu, L. D. Gamma 
ray activity of contemporary man. Science, 
July 20, 1956, 724, 122-123. (Krom: Radio- 
logical Physics Division, Argonne National 
Laboratory, Lemont, III.) 


The predominant activity in a number of uncon 
taminated subjects is found to be K*° to the extent 
of about 0.19 per cent of body weight in men and 
0.1§ per cent in women; these values are in good 
agreement with those found by 
methods. The presence of Cs! 
but the activity, about 10 
than accepted permissible levels. The presence of 


isotope dilution 
was also detected 


iG, is considerably lower 


this isotope appears to be a result of deposition on 
grazing lands from nuclear fall-out. The absence of 
other fission products found in air and dust indicates 
their low retention in the body. Radium, with an 


expected activity of 0.5 X 107! c, could not be meas- 
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ured in the presence of the potassium. Technical de- 
tails of the method of measurement are included.— 
Raymond S. Quick, B.S. 


Spiers, F. W. Radioactivity in man and his en- 
vironment; Presidential Address. Brit. ¥, 
Radiol.. Aug., 1956, 29, 409-417. (From: 
Department of Medical Physics, The Uni- 
versity of Leeds, Leeds, England.) 


The natural background of radiation to which man 
is inevitably exposed during life provides a lower, 
tolerable level of dose rate as a basis for comparison 
in attempting to assess permissible amounts of 
added artificial radiation. Natural radiation is due 
to external sources, principally the gamma rays from 
terrestrial radioactivity and cosmic rays and _ in- 
ternally from the alpha and beta activity of body tis- 
sues and of air, food and water. The order of radio 
activity and the typical levels of radiation resulting 
from these different sources are summarized in the 
following table. 


Radiation 
Y ray equivalent background 


(g. Ra per g.) (mrad per year) 


Rocks I-12X1 Calc.: 26-228 
Me 28.3 0 l * 
cot 
Seawater 
River water 


Radon, ¢ per |. 


Indoors O.8—-9.1 XI 


g. Ra per g. 


Water . 1-23 
Food 04-125 XI 
Body: K* 2 
Cosmic rays 28 
* [ndoors. 


Outdoors 


The terrestrial component of background radiation 
is due mainly to the U and Th series and in Swedish 
alum shales the high U content increases the gamma 
equivalent to about 60 X 1 
of 3 MIC 


for the radon content of air but, inside buildings, 


129. Ra per g. A value 
'S¢ per |. is regarded as an average estimate 


this will be influenced by ventilation and the con 
structional materials and will generally be higher 
than the corresponding open-air value; the level in 
the Joachimsthal mines may be 1 times higher. 
Similarly the radium content of thermal springs 1s 


of the order of 1,000 X 107" 


g. per g. but there ap- 
pears to be little correlation between the activity of 


| 
[| 
| 
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’ 


normal drinking waters and body radioactivity, indi- 
cating that the important source of intake is via 
foods. 

While the external gamma radiation background 
is uniform for the whole body , except for the screen- 
ing effect cf overlying tissues, the internal alpha 
and beta radiation dosage is a localized etfect de- 
pendent on the radioactive content of the particular 
tissue. In view of the low dose rates due to natural 
activity, long term genetic and carcinogenic changes 
are most significant. The following annual doses are 
calculated for average estimates of the radiation 


levels: 
Gonads and soft tissue mrad. 
Lungs 200-400 mrem. 
Bone 120 mrem. 


Variations in gonadal dose rates from go—300 mrad 
per year are found for ditteretn localites. 

In comparison, the ingestion of 0.6 we of Cs!7 and 
10-45 X10 ° ¢ of Sr*? would be required to double 
the already existing radiation dose rate of the body. 
These fission products are of significance because of 
their long life and the possibility of their being taken 
up by the body.-Raymond S. Quick, B.S. 


Van Mipp_eswortn, L. Radioactivity in thy- 
roid glands following nuclear weapons tests. 
Science, June 1, 1956, 723, 982-983. (From: 


Department of Physiology, University of 


Tennessee, Memphis, Tenn.) 


The radioactivity of thyroid glands, considered as 
due to I™', has been measured for 175 human au 
topsy specimens and 1,044 cattle from the Memphis, 
Tennessee, area over the period of October, 1954 
through March, 1956. Similar measurements are re 
ported on sheep and cattle thyroids from Washing 
ton State, Canada, England, Germany and Japan 
between March, 1955 and February, 1956. 

The data for Memphis cattle show three periods 
of increased activity, two due apparently to non 
U.S.A.F.C. nuclear tests and a main peak with a 
maximum of 10, times the normal minimum ac 
tivity following a series of Nevada and Pacific tests 
in 1955. There was an interval of about five days be- 
tween the beginning of these tests and a detectable 
increase in I"! activity, and fourteen to twenty days 
before the maximum was reached, the activity re- 
mained above the minimum for about eight months. 
Similar variations in activity were found for sheep 
from England and Germany but occurred two to 
four weeks later. 

The maximum thyroid I! content per gram for 
humans was less than o.§ per cent of that for cattle, 
which was in turn consistently lower than for sheep 
from the same area. For the Memphis cattle the cal 
culated average dose to the thyroid was O.IT, 4.3 
and 0.04 rep. for the three periods of fall-out and for 
the English cattle and sheep 0.15 and 0.4 rep. be- 
tween April and November 1955, in comparison with 
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the §-10,000 rep. required for the treatment of hy- 
perthyroidism in humans. 

The method and accuracy of measurement are out- 
lined and the factors influencing the distribution 
and accumulation of I following nuclear tests are 
discussed.—Raymond 8. Quick, B.S. 


SACHER, GEORGE A. On the statistical nature 
of mortality, with especial reference to chron- 
ic radiation mortality. Radiology, Aug., 1956, 
67, 250-258. (Address: Argonne National 
Laboratory, Box 299, Lemont, III.) 


The theory is presented that death is a conse- 
quence of the dynamics of physiologic processes. Its 
occurrence at a particular time in a particular animal 
is attributed to the prior occurrence of a rare fluctua- 
tion of large amplitude in the physiologic state of 
the animal. By means of a simple mathematical 
model of a physiologic fluctuation process, it can be 
shown that the probability of occurrence of such 
fluctuations is a function of the values of certain 
vital physiologic parameters. An approximate rela- 
tion between rate of mortality and mean physiologic 
state 1s derived, which indicates that the logarithm 
of the rate of mortality is a linear function of the 
mean physiologic state of a population. Application 
of this relation to chronic mortality following vari- 
ous patterns of radiation exposure yields results 
that are quantitatively consistent and in accord 
with present knowledge about permanent radiation 
injury. 

It is stated that the dose-dependence of the perma- 
nent damage is strikingly reminiscent of the dose- 
dependence found for induced chromosome aberra- 
tions. Muller and Lea have given full discussions of 
the genetic considerations that led them to conclude 
that permanent radiation injury in mammals must 
be due primarily to chromosomal aberrations. In 
view of the indirect evidence presented here, it be- 
comes increasingly important that the role of chro- 
mosome damage in late effects be investigated cyto- 
logically. 

According to the author, the developments pre 
sented here are still far from adequate for the task 
of prediction that was assigned at the beginning. An 
attempt has been made to present some concepts 
that are felt to be fundamental to an understanding 
of the factors that govern the stability of living or- 
ganisms. The logical clarification and experimental 
implementation of these concepts will, however, re- 
quire much additional work.—A. Ralph Watson, 
M.D. 


Spress, Heinz. Schwere Strahlenschaden nach 
der Peteosthorbehandlung Kindern. 
(Serious radiation damages following peteos- 
thor-therapy of children.) Deutsche med. 
Wehnschr., June, 1956, &7, 1053-1054. (Ad- 
dress: Univ.-Kinderklinik, Kirchweg 
Gottingen, Germany.) 
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Peteosthor is a mixture of thorium-X with platin- 
sol and red eosin (peteos). The latter two ingredients 
are supposed to be a vehicle for a selective storage of 
the alpha rays of thorium-X in the diseased tissues. 
The drug has been used mainly tn extrapulmonary 
forms of tuberculosis. 

Experimentally, it has been proven that the drug 
is not stored selectively in the diseased tissues, but 
rather in the osseous skeleton. Detrimental results 
have been noted in the hematopoietic system, the 
metabolism, the kidneys, the liver and genetically. 
The growth of children and adolescents has been dis 
tinctly retarded and malignant neoplasms are known 
to have developed four to seven years after the 
therapy. 

In a series of 49 cases, 3 died prematurely from the 
original tuberculosis and a thorium-induced leu- 
kemia. In 11 cases malignant neoplastic changes 
developed with 9g fatalities and only 2 survivals. 

Experimentally, it has been proven that in the 
average case the skeleton receives 5 to 10 times the 
tolerance dose of alpha rays of thorium-X and all 
other tissues a corresponding overdose. The author 
concludes that according to his follow-up studies 
the drug has proved hazardous and ineffective. 


Ernest Kraft, M.D. 


Janes, JoserH M., Hiccins, Georce M., and 
Herrick, J. F. The influence of splenectomy 
on the induction of osteogenic sarcoma in 
rabbits. 7. Bone S Foint Surg., July, 1956, 
38-4, 809-816. (From: Section of Ortho- 
paedic Surgery, Section of Anatomy, and 
Section of Biophysics, Mayo Clinic and Mayo 
Foundation, Rochester, Minn.) 

Osteogenic sarcoma develops in 50 per cent of 
rabbits given intravenous injections of beryllium 
silicate. It was found that in all animals in which 
tumors developed there were atrophic changes in 
the spleen, whereas in those animals in which tumors 
did not develop the spleens were functional and 
hyperplastic. In tumors the 
histiocytes of the spleen phagocytized the beryllium 
and were destroyed; new histiocytes were formed 
from the reticuloendothelial components and were 
destroyed, so that functioning splenic tissue de 


animals developing 


generated and became avascular. 

The spleen has been shown to have a protective 
role against ionizing radiation. In mice when the 
spleen is removed and total body radiation given the 
incidence of lymphoid tumors is increased. When 
the spleen is shielded or implanted into the peri- 
toneal space its protective role is shown. Numerous 
experiments have demonstrated some humoral mech 
anism elaborated by the spleens of mice and dogs. 

Eleven rabbits received beryllium injections after 
splenectomy. Three died from unrelated causes be 
fore the length of time necessary to develop bone tu 
mor. Of the other 8, all but I developed osteogenic 
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sarcoma and that one had bone marrow changes in- 
terpreted as being the earliest stage in the develop. 
ment of osteogenic sarcoma. 

Apparently the spleen tends to provide protection 
in the rabbit against development of beryllium in- 
duced osteogenic sarcoma.— Martha Mottram, M.D. 
Guerin, Maurice. Influence des rayons x sur 

apparition d’adénocarcinomes mammaires 
telles 
d’inclusion, 
(Influence of x-rays on the development of 
mammary adenocarcinomas of mice inocu- 
lated with tumors containing inclusion 
bodies.) Bull. Assoc. franc. (étude cancer, 
Jan.—March, 1956, 4}, 23-36. (From: Labo- 
ratoire de Médecine expérimentale and Insti- 
tut de Recherches sur le Cancer Gustave- 
Roussy, Paris, France.) 


chez des souris inoculées avec de 


tumeurs contenant des corps 


The article presents details of experimental work 
on mice of different strains in an attempt to evaluate 
the influence of roentgen rays (total body irradiation 
of 300 r as measured at the top of the metallic wire 
cage, at 200 kv., 1 mm. Cu and 2 mm. Al filtration, 
65 cm. distance). As to the development of mam- 
mary adenocarcinoma, the author analyses the find- 
ings as well as results of other experiments and brings 
forth suggestions of value. Variations of the strains 
of mice in their susceptibility to mammary adeno 
carcinoma are borne out clearly, indicating signifi- 
cance of herdity. Thus mice of Swiss strain, heredi 
tary line EF were remarkably refractory and out of 
40 irradiated, only 1 developed a mammary tumor, 
whereas out of the control group (not irradiated) 
of 80, none showed the tumor. 

Total body roentgen irradiation seems to have an 
inhibitory effect on the development of mammary 
tumors if applied before puberty, whereas if applied 
after puberty, the action is a stimulating one, indi- 
cating an influence of hormonal factors. 

The author investigated the lactogenic hormonal 
factor and found it to be of no significance. In con 
trast, the tumor incidence in ovaries of mice ir 
radiated after puberty was rather high. The inci- 
dence of mammary adenocarcinoma was in turn 
quite high in those mice showing ovarian tumors 
with hormonal activity. 

The increase in percentage of inclusion bodies (in 
tumoral tissue extract injected to mice, both ir 
radiated and nonirradiated) does not seem to increase 
the incidence of mammary tumors. These inclusion 


bodies do not, therefore, represent an active form of 


the virus (Bittner’s), which in turn does not seem 
to become reactivated by total body irradiation. 
The increase in the incidence of mammary adeno- 
carcinoma of mice seems to be due to a hormonal 
disbalance in which the ovary apparently plays the 
important role.—irair N. Sarian, M.D. 


